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BOOK IL. 

h 

OF COMPOUND BODIES; 


Compound Bodies are substances composed of two BooktL. 
or more simple bodies combined together. Now as the 
simple bodies described in the preceding book, exclu- 
ding light and heat, are 35 in number, if they were all 
capable of combining together, the compounds formed 
by them would amount to a great many thousands : 

But all the simple substances are tiot capable of com- 
bining with each other ; azote, for instance, has never 
been combined with 'metals. This diminishes their 
number considerably. Besides, we a* e still too little 
acquainted with the nature of caloric and light to be 
able to treat separately of the compounds into which 
they enter. Several numerous classes of compounds 
have been already described in the last Bopk; for the 
oxides, sulphurets, phosphurets, and alloys, are real* 
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COMPOUND BODIES® 


Book ir. compounds. All these circumstances render the im- 
pounds which form the subject of this Book mud [ess 
numerous than might be at first supposed. 

Divisions, Compound bodies are of two kinds. Some of lem 
are formed by the combination of two or more s iplc 
substances with each other. Thus phosphoric ac i is 
composed of phosphorus and oxygen ; and oil, o hy- 
drogen and carbon. Others are formed by the cc fi- 
liation of two or more compound bodies with each < her* 
Thus phosphate of ammonia is composed of phosj oric 
acid and ammonia ; volatile liniment, of oil and a] mo- 
nia. The first of these kinds of compounds I cal] Pri- 
mary Compounds ; to the second I give the nai e of 
Secondary Compounds. It will be very conv< dent 
to.describe each of them separately. 

Besides the 35 bodies described in the prec ding 

Salifiable Book, there are- a number of others lately discc ered 
by the sagacity of Professor Davy, and whic we 
omitted for reasons formerly specified. These, ?hcn 
combined with oxygen, constitute the important ^as- 
sess of bodies known under the names of alkali and 
earths . These substances form a distinct ord * by 
themselves, and which, for that reason, may be c scri- 
bed separately. Now these bodies (including tl vo- 
latile alkali) have the property of combining with cids, 
and of constituting the bases of a very numcrou set : bo- 
dies called’ This induced Lavoisier to give hern 
the . appellation of salifiable bases : a name wl cli I 
shall adopt, though it be somewhat exceptionable be- 
cause I can think of no other which is not equa y so, 
'This Book then shall be divided imo vice.,*, par I, 
Salifiable Bases. IL Primary Compounds, 1IL 

£ \ i? v flnr,TPnrrsm5 


►ALIFlABLE bases, 


a 

Cfiap. I. 



DIVISION I. 


SALIFIABLE BASES. 


Jk the class of salifiable bases, it is proper to include 
ammonia , because its properties connect it with the most 
important of the other substances. The salifiable bases 
naturally arrange themselves under the four following 
heads: 

l * Volatile alkalies 
. ^ £. Fixed alkalies. 

3. Alkaline earths. 

5. Earths proper. 

These shall form the subject of the four following 
Chapters. 
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Book II. 
Division I. 


CHAP. L 

OF VOLATILE ALKALIES. 


Origin*> The word alkali 5 is of Arabian origin, and was 11 - 
troduced into chemistry after it had been applied > a 
plant which still retains the name of kali. When lis 
plant is burnt, the ashes washed in watery and the 'a- 
ter evaporated to dryness* a white substance rem: ns, 
which was called alkali . Accordingto Albertus IV Lg~ 
nus, who uses the word*, it signifies fce& amarituc tis * 
* ( the dregs of bitterness Alkali may be obta ied 

from other substances besides kali., Chemists gradi lly 
discovered that bodies differing from one another ii se- 
veral of their properties, had been confounded tog( her 
under the same name. The word*, in consequence be- 
came general, and is now applied to all. bodies w ich 
possess the following properties : 

Properties. i. A caustic taste. 

2. Volatilized by heat. 

3. Capable of combining with acids, and of des ey- 
ing* their, acidity* 


AIM ONU- 
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4. Soluble in water even when combined with carbo- t Cha p. L 
nic acid, 

5. Capable of converting vegetable blues to green. 

The alkalies at present known are three in number ; 

X. Ammonia* 2. Potash ; 3. Soda. 

^ The two last are called fixed -alkalies, because they 
require a red heat to volatilize them ; the first is called 
volatile al&ali*, because it readily- assumes a gaseous form, 
and consequently is dissipated by a very moderate de- 
gree of heat. 

The fixed alkalies belong to a succeeding Chapter ; 
the only volatile alkali at present known, namely, am- 
monies , shall be described in the present. 


SECT. I. 

OF AMMONIA, 

Amm-onia can be exhibited in a state of purity only 
under the form of a gas. It may be prpjcured in the 
following manlier : 

1 . Put into a retort a mixture of three parts of quick- Prepara- 
lime and one part of sal ammoniac in powder. Plunge tlon * 
the beak of the retort below the mouth of a glass jar 
filled with mercury, and standing inverted in a basin of 
mercury. Apply the heat of a lamp to the retort : a 
gas comes over, which displaces the mercury and fills 
the jar. This gas is ammonia . 

Ammonia was altogether unknown to the ancients 5 History, 
the alchymists were acquainted with it, though not in 



0 


ALKALIES. 


fiookll. a state of purity, being combined with .carbonic acid, 
Division!. . . . 

and often also dissolved in water. Basil Valentine de*- 

scribes the method of obtaining it. It -was known, by 
the name of volatile alkali ,* it was also called hartshorn? 
because it was often obtained 'by distilling the horn .of 
the hart ; spirit of urine , becanse.it may be obtained by 
the same: process from, urine ; and spirit of sal rimmor 
niac . because it may be .obtained lrom that salt. Dr 
Black nrist pointed oat the difference between, ammonia 
and carbonate of ammonia, or ammonia combined with 
carbonic acid ; and Dr Priestley discovered the method 
of obtaining it in- a state of purity, by the. process de- 
scribed in the beginning ofthis Section - d h ' v. 

Properties. 2. Ammonia in the state of gas is transparent and co- 
lourless like air j its taste is acrid and caustic like that 
of the fixed alkalies, but not nearly so strong, nor does 
it like them corrode those animal bodies to which it is 
applied: its smell is remarkably pungent, though not 
unpleasant when sufficiently, diluted. Its use as a sti- 
mulant to prevent fainting is well known. 

Animals cannot breath it without death. When a 
lighted candle is let down into this gasp it goes out three 
or four times successively ; but at each time the flame 
is considerably enlarged by the addition of another flame 
of a pale yellow colour, and at last this flame -descends 
from the top of the vessel to the bottom *. ■ ; 

Its Specific gravity, according to the experiments of 
'Kir wan, is 0*600, that of air being 1*00 f. While 1 Mr 
Davy found it 0*5505j.' Messrs Allen and Pepys 


* Priestley, ii. 381. 

? sw&etj p. 5^5, 


| Or. Phlcifstot h y. 2,8. 
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lately : »f6und it 0*6022 *. At the temperature of 60°, a t *■ 
hundred- cubic inches of this gas weigh, according to 
Kirwan, 1S*16 grains, according to Davy, I7‘068, ac- 
cording to Allen and Pepys, 18*67. Hence it is to 
common air nearly as 3 to 5. 

When exposed to a cold of —45° it is condensed into 
a liquid, which again, assumes the gaseous form when 
the temperature is raised f. When passed through a 
red hot tube of porcelain or glass, it' is totally decom- 
posed and converted into, hydrogen andiaxdtic gas J. 

That this re^cperiment may succeed, the diameter of the 
tithe must not be too great. , . 

3. It combines very rapidly with water. When a bit 
of ice is brought into contact with this gas, it melts and 
absorbs the ammonia,, while at the same time its tem- 
perature is diminished. ..Cold water absorbs this gas 
almost instantaneously, and*. at the same time heat is 
evolved, and the specific gravity of the water is dimi- 
nished. Water, by my trials, is capable; of absorbing 
780 times its bulk of this gas while, in : the mean time, 
the bulk of the liquid increases from. 6 to* 10. j The 
specific gravity of this solution is 0 * 900 , Which just ac- 
cords with the increase of bulk. It is in this state 
that ammonia is usually employed by ‘chemist^. The 
term ammonia almost always means ihrsjliqpid Isolation, 
of ammonia in water. When heateMToQ the tempera- 
ture of about 130°, the ammonia separates under the 
form of gas. When exposed to the temperature o 


* Davy on the decomposition and composition of the fxed alkalies. Phil. 
Trans. 1 80S. ■ : . . . * 

f Morveau, Ann. d: Chim . xxix. apr. $ Priestley, ii. 395. 
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BWi«ion t ”46° it crystallizes ; and when suddenly cooled down 
■ ; to — 68°, it assumes the appearance of a, thick jelly, and 
has scarcely any smell *. 

It follows from the experiments of Mr Davy, that a 
Saturated solution of ammonia is composed of 
74*63 water 
25*37 ammonia 

100*0Q 

The following Table, drawn up by the same inge- 
nious chemist, exhibits the proportion of water and am- 
monia contained in 100 parts of liquid ammonia of dif- 
ferent specific gravities . 


lisa 

Ammonia. 

Water* - 

0-9054 

25-37 

74*63 

0*9166 

22-07 

7T93 

0*9255 

19*54 

80*4.6 

0*9326 

17-52 

82*48 

0*9385 

i.5-88 

84-12 

0-9445 

14-53 

85*47 

0-9476 

13-46 

86-54 

0-9513 

12-40 

87-60 

0*9.545 

11-56 

88-44 

0*9573 

10-82 

89-18 

0*9597 

10-17 

89-83 

0^9619 

9-60 

90-40- 

0*9684 

9-50 

. 80*50 

0*9639 

9-09 

90-91 

0*9713 

-- ----- - • — 4 >. 

7-17 

92-83 


4- Ammoniacal gas is not altered by light; but when 


* JFourcroy and Vau^uelin, Ann, de Cbw« xxix* 

f Da^p, 68. 
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jelectric sparks are made to pass through it, the hulk of t £hap. 7. 
.the gas is considerably increased, and it is converted Action of 
into hydrogen gas and azotic gas *. Hence it follows' e,e ctriuty. 
that ammonia consists chiefly of hydrogen and azote. 

By this process Berthollet converted 1*7 cubic inches of 
ammoniacal gas into 3*3 cubic inches f. 

5. This gas hjisno effect upon oxygen gas while cold ; Action of 
.but when a mixture of the two gases is made to pasf ox ^ cn * 
through a red hot porcelain tube, a detonation takes; 

place, water is formed, and azotic gas emitted. Hence 
we see that ammonia is partly combustible. Its hydro- 
gen combines with. the oxygen, and forms water, while 
the azote makes its escape in the form of a gas j. If 
the proportion of oxygen gas be considerable, nitric 
acid is also formed, in consequence of the combination 
of the azote with the superabundant oxygen §. The 
same decomposition and detonation take place if com- 
mon air be used instead of oxygen gas. 

6. Sulphur is the only one of the simple combusti- -Action of 

. simple in- 

bles that combines with ammonia. Hydrogen pro- combusti- 
duces no change upon it whatever ; but phosphorus and tles> 
charcoal act with considerable effect in high tempera- 
tures. 

It combines with sulphur in the state of vapour, and 
forms a sulphuret which decomposes water, and forms 
hydrogureted sulphuret of ammonia, known formerly by 
the name of fuming liquor of Boyle , because it was first 
described by that philosopher It is commonly pre- 

9 

* Priestley, ii. 389. f Berthollet, jour, d* Pbys. xxix. x 76. 

$ Proust, Nicholson’s Journal , iii. 3118, § Fourcroy, ii. 236. 

5 Sjhaw’s Boyle, ii. 78. 
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Of metals. 


pared by distilling a mixture of five parts of sal ammo** 
niac, five parts of sulphur, and six of quicklime. It is 
a liquid of a red or rather deep orange colour, and ex- 
hales, a fetid odour, in consequence of an excess of am- 
monia which it. contains. Its nature was first pointed 
out by Berthollet *. 

Phosphorus produces no change on ammoniacal gas 
^?hile cold ; but when this gas is made to pass through 
phosphorus in a red hot porcelain tube, it is decompo- 
sed, and phosphureted hydrogen gas, and phosphureted 
azotic, gas are formed f. 

Ghajeoal absorbs ammoniac al gas, but does not alter 
its properties while cold. But whenthe gas is made .to, 
pass through red hot charcoal, part of .the charcoal com- 
bines with it, and forms a substance known by the name 
of prussic acid %. , ■ * 

Ammonia is not acted on by azote ; but it com- 
bines rapidly with muriatic acid 5 the two gases con- 
creting into the solid salt called muriate of ammonia. 

, Ammonia does not combine with the metals; but 
it^changes some of .'them, into oxides, and then dissolves 
,them._ The Oxidizement is evidently in consequence of 
the decomposition of part of the water with which the 
ammonia is combined ; for hydrogen gas is emitted du- 
ring the solution. Copper and zink are oxidized by the 
action of ammonia ; as are also tin and . iron., though 
only superficially. . Scarcely any of the other metals 
are altered by its action. 

© Liquid ammonia is capable of dissolving the oxides 


■* Atm. ds Clirn. xxv. 333. f Fourcroy, if. 5137. 

7 Scheele, ii. 183 ; and Clouet, Ann . ds Cbh;u xi. 30. 
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of silver, copper, irut» > tiu, xiu kcl, zinc, bismuth, and ( M K u 
tuba It ** When digested upon the oxides of mercury, Domm-i* 
lead, or tmingaurxty it is decomposed, water is formed, *’*' 

hy the union of the hydiugen of the ammonia with 
I he my gnu of the oxides, and ft/mtU; gas is emitted I « 
it a 4 ousuU cable heat be applied, nitric ueul is humid 
at the same time with us.tr t J', .Several other unities 
a$e also paitly de<;\idr/cvt u hen ammonia is poured 
into their solid tons in ueidw The umnumiucui tiolutiou 
of the peroxide <4 copper is of a hue blue colour, and, 
according to bage* capable of crystal li/.ing. When heat 
ii‘»ppl4ed| ll'Mr ummouiu is partly driven oil*, and partly 
deuunposed, by the combination i t ns hydrogen with 
the oxygen <d the oxide, 

*i* Ammonia combines in.dily with the pet oxides 4»f 
go d and silvu, .aid tonus uith them two compounds. 

I'm met ly known by h**' names <d jit! minuting yuU and 
fi.ityttMitwg mWr ; b< cause, when heated or i vthbed, 
they ex| bale With gie.u v ion tue. It ccfubiucs also 
With the red inside ol imu tuy. 

Fulminating goi.d, known also by the nutuc of ‘a urate 

, » , ting 

o/ ntmmnm % may he ptrpaml by dissolving gold m ni- 
iro-mmiaiie add, diluting the solution with thrice its 
Wright of wafer, and then dropping m pure ammonia 
by little and little as long as any precipitate i* formed * 
nth mg nac not to raid t< O much, because in that cay 
pat f i if the pi c capitate is again dissolved, The pieeip 

* If ilsfe*.»»l vr*. l h 3 ‘ gUUn.rlr i 1 ,u c v Itru , it m t '*.«'• • '*, lu.t t •*- ly *?* 

»aul! «|« uoor-.. 'tin- j r t * M.’r .1 io<i' is ii. i In* t iti it ; o» * ,» tbr j-» * ■ 
s - 1 i»!r «•! * »<' .»t?, 4s * «*r«tieg 1 l.rnm . 

1 >* 

| M.U:»r, /Vn'. Im*.’* ■■«- *«iau’v ) . v, ■<" 
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^Book II. tate, which is of a yellow colour, is to be washed m 
pure water, dried slowly »pon filtering paper, and then 
put into a phial : which, to prevent accidents, ought 
not to be corked, but its mouth covered with a linen 
rag or a slip of paper. This powder is fulminating 
gold ; which is composed of five parts of yellow oxide 
of gold and one part of ammonia *. The preparation 
of this powder is described by Basil Valentine; and its 
singular properties excited the attention of all succeed- 
ing chemists. Various attempts were made to account 
for its fulminating property, but without success, till 
Bergman published his dissertation on it in 1769. He 
demonstrated, that it is a compound of ammonia and 
yellow oxide of gold: that during Its explosion the 
oxide isTeduced, the ammonia decomposed, and the 
.azote, which it contained, set at liberty in the form of 
gas+. These facts (partly discovered by Scheele) led 
him to explain the explosion as follows : Ammonia i§ 
composed of azote and phlogiston. When heat is ap- 
plied to fulminating gold, the phlogiston combines with 
the oxide, and forms gold, while the azote flies off in 
the form of gas. The experiments of Bergman and 
Scheele were repeated and confirmed by Berthollet in 
1786 ; and the nature of oxides haying been previously 
ascertained by Lavoisier, he was enabled to giye a more 
satisfactory explanation of the phenomenon. JD.uring 
the explosion, the hydrogen of the ammonia ^combines 
with the oxygen of the oxide, and forma water ; the 
' gold is reduced, and the azote evolved in the form of 


* Bergman, ii . 155. 

f Bergman, ii. 153 ; and Scheele on Fire, p. 137. 
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gas. The great expansibility of this gas by heat ex- t CRa P* *» t 
plains the violence of the explosion. 

Fulminating gold explodes when struck ^violently, or 
when triturated in a mortar, or when heated to a tem- 
perature between 248° and 54°* The noise is tremen- 
dous; and when in any considerable quantity (l2 grains 
for instance) it lacerates the metallic plate on which it 
is placed. When heated in close vessels, sufficiently 
strong to resist its action, it is reduced silently* and 
without any marks of violence *. Its force was com- 
pared with that of gunpowder by the Royal Society* 
but found inferior. 

Fulminating silver was discovered by Berthollet in Fulmlna- 
1788. It may be formed by dissolving very pure sil- tm & Sllver - 
ver in nitric acid* and then precipitating it by lime wa- 
ter. The precipitate is put upon filtering paper* which 
absorbs the water and the nitrate of lime with which it 
was mixed * then pure liquid ammonia is poured upon 
it, and allowed to remain for 12 hours ; it is then de- 
canted off, and the black powder* on which it stood, is 
placed cautiously, and in very small portions, upon bits 
of filtering paper.. This powder is fulminating silver. 

Even while moist it explodes with violence when 
struck by a hard body. When dry, the slightest touch 
is sufficient to cause it to fulminate. When the liquid 
decanted off this powder is heated in r a glass retort, an. 
effervescence takes place, azotic gas is emitted, and 
small crystals make their appearance, which are opaque, v 
and have a metallic brilliancy... These fulminate when 


* Bergman, ii. *41, 
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cal fulmina- 
ting mcrcu- 
ry. 


CompO' i- 
:«on of am- 
monia. 


touched, even though covered by the liquid, atid dfteh 
break in pieces the vessels in which they are kept 

The theory of this dangerous powder is the same as 
that of fulminating gold. It is a compound of ammo- 
nia and oxide of silver. Friction, or the application of 
heat, occasions the combination of the oxygen of the 
oxide with the hydrogen of the ammonia; water is 
formed, the silver is reduced, and azotic gas emitted. 

Ammoniacal fulminating mercury was lately disco- 
vered by Fourcroy. It may be formed by digesting a 
strong solution of ammonia in water upon the red oxide 
of mercury. After the process has’ continued for eight 
or ten days, the oxide assumes a white colour, and is 
at last covered with small crystalline scales. In this 
state it detonates loudly upon ignited coals in the same 
manner as fulminating gold. It loses its fulminating 
property, and undergoes spontaneous decomposition, in 
a few days. When exposed to a low heat, the ammo- 
nia is driven off, and the red oxide assumes its former 
appearance + . 

As ammonia has the property of detonating with 
nitre, chemists had unanimously agreed that it contains 
phlogiston. Scheele first demonstrated, that when it 
is decomposed by means of the oxides of manganese, 
arsenic, or gold, azotic gas is set at liberty, while the 
oxide is reduced J. Hence he concluded, that it is com- 
posed of azote and phlogiston ; and Bergman coincided 
with him in opinion. Dr Priestley discovered, that 


* Berthollet, Ann. de Cbm i. 54. 
f Journals of the K'oyal Institution, i. 256. 

% Scheele, i. 95 and 155. French Trans. — Schccle on Fin yp. 137, 
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when electric explosions are made to pass through this t Chap. T - a 

gas, its bulk is gradually augmented to thrice the space 

which it formerly occupied ; and a quantity of hydro- 
gen gas is produced- The same ingenious philosopher 
applied heat to the red oxides of mercury and lead con- 
in ed in ammoniacal gas* The oxides were reduced, 

*7ater was evolved, the ammoniacal gas disappeared, 
md instead of it, there was found a quantity of azotic 
^as These experiments, and those of Scheele, led to 
ne conclusion, that ammonia is composed of azote and 
l^ydrogen ; a conclusion which was fully established 
>y the experiments of Berthollet, published in the Me- 
moirs of the French Academy for 1785 . This acute 
• hilosopher repeated the experiments of Sqheele and 
VIestley, and applied to them the theory of Mr Lavoi- 
ier, and added also several very decisive ones of his 
>\vn. The most important of these is the mutual de- 
omposition of ammonia and oxymuriatic acid. When 
olutions of these bodies in water are mixed together, 
n. effervescence takes place, azote is disengaged, a quan- 
Ity of water formed, and the oxymuriatic acid is con- 
erted into common muriatic acid. Now the substan- 
ss mixed were ammonia and oxymuriatic acid, which 
; composed of oxygen and muriatic acid ; the pro- 
acts w«-*re, muriatic acid, azote, and water, which is 
am pose 1 of oxygen and hydrogen. The oxygen of 
w . cucr xvas furnished by the acid ; the other pro- 
acts must have been furnished by the ammonia, which 
as disappeared. Ammonia, therefore, must be c cro- 
ssed of azote and hydrogen. It follows from Mr Ber- 


Priestley, ii. 396, 
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Tyv’sion 'l Solid's ex P er iments, that ammonia is composed of 121 

tmmi-ymmmmj parts of azote and 29 of hydrogen *. According to Dr 
Austin’s calculation it is composed of 121 parts of azote 
and 32 of hydrogen f. Hence 100 parts of ammonia 
are composed of about SO parts of azote and 20 of hy- 
drogen, The experiments of Berthoilet have been still 
farther confirmed by those made more lately by Mr 
Davy %> and indeed were acceded to by all chemists as 
unexceptionable and decisive. But the unexpected dis- 
covery by Mr Davy, that the fixed alkalies are metallic 
oxides, led that illustrious chemist to suspect that am- 
monia also might contain oxygen in so small a propor- 
tion as to escape notice. The possibility of this notion 
was not to be doubted, as when ammonia was decom- 
posed by means of electricity or heat, the oxygen though 
present might combine with, hydrogen, and form so 
small a quantity of water as to remain invisible among 
the gases evolved. A set of experiments made on pur- 
pose to ascertain the point, soon convinced Mr Davy 
that oxygen is actually present in this alkali. When 
pure dry ammoniacal gas was passed over red hot iron 
wire confined in a platinum tube, the iron was slightly 
oxydized, and a little moisture was deposited. This 
experiment rendered the presence of oxygen in ammo- 
nia somewhat probable ; but it cannot be considered as 
conclusive, unless we could be certain that all common 
air was effectually excluded ; which it is very diffi- 


* Berthoilet .determined the component parts of ammonia by decom- 
posing it by electricity, and exploding the new gas with oxygen. Jour, 
de Pbyr. XXIX. 177. 

4 Phil. Trans. 1788, p. 38$. i Researches* f. c6> 
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edit to accomplish- When dry pure ammoniacal gas 
tv as decomposed in a glass tube by means of electricity,' 
60 measures were converted into 108 measures,- con- 
sisting of 80 measures of hydrogen^ and 28 of azote.' 
Now 60 cubic inches of ammonia, if we take the ex- 
periments of Allen and Pepys as our standard, weigh 
11*2 grains, while the weight of 

Grains. Grains; 

80 inches of hydrogen is 1*93 or at most 2*08 

18 inches of azote.... 8*30*.. 8*47 

10*23 10*55 

So that there is a deficiency, according to the first esti- 
mate of nearly 1 grain, and according to the second of 
0*65 grain* Now this deficiency can only be account- 
ed for by supposing a little water to have been formed 
during the electrization, and consequently that ammo- 
nia contains a little oxygen *. 

This experiment js equally favourable to the notion,- 
that oxygen is one of the constituents of ammonia ; but 
before it can be relied on as decisive,- we must suppose 
it to have been performed with a degree of accuracy 
scarcely conceivable, when minute portions of gaseous 
fluids come under examination. The following very 
extraordinary experiment, however, first made by Messrs 
Berzelius and Pontin, and afterwards repeated and im- 
proved by Mr Davy, appears to me to prove the pre- 
sence of oxygen in ammonia in a very decisive manner. 

Mercury, at the negative end of a galvanic battery. 


Chap. I. 
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Ammonia 

contains 

oxygen. 


* Davy on the Decomposition and Composition of the Fixed Alkalies, Philr-y 
‘Trans. 1808. 
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■ v— the circuit completed. It gradually increases in volume,, 
and when expanded four or five times its former bulk, 
Its base is a becomes a soft solid. The experiment is easier, and the 
rnaai* amalgam more permanent, if sal ammoniac slightly moist- 
ened be substituted for liquid ammonia. Mr Davy made 
a cavity in a piece of sal ammoniac slightly moistenedj 
placed it on a plate of platinum attached to the positive 
end of the galvanic battery, put into the cavity about 
50 grains of mercury, and brought in contact with the 
mercury a platinum wire attached to the negative end 
of the battery. A strong effervescence took place, much 
heat was evolved, and the globule in a few minutes had 
enlarged to five times its original bulk, and had the ap- 
pearance of an amalgam of zinc.. This amalgam, at 
the temperature of *{0 Q or 80°, is a soft solid of the con- 
sistence of buttery at 32° it is a firm crystallized mass 
in which small facets appear, but having no perfectly 
defined form*. Its specific gravity is below 3. When 
exposed to air it soon becomes covered with a white 
crust of carbonate of ammonia,. When thrown into wa- 
ter, a quantity of hydrogen is evolved equal to half its 
bulk, the mercury is revived, and the water becomes a 
weak solution of ammonia. When confined in a given 
portion of air, the air increases considerably in volume, 
and pure mercury re-appears. Ammoniacalgas amount- 
ing to 14 - or l-f, the volume of the amalgam is evolved, 
and a quantity of oxygen equal to 4th or fth of the am- 
monia disappears. When thrown into muriatic acid 
gas it becomes coated with muriate of ammonia, and a 
little hydrogen is disengaged. In sulphuric acid it be- 
comes coated with sulphate of ammonia and sulphur. 
All attempts made by Mr Davy to preserve this amal«* 
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gam failed, owing to the impossibility of freeing if en- 
tirely of water* When pat into a glass tube, or when 
confined under naphtha or oils, the mercury separated, 
ammonia was formed, and a quantity of hydrogen evol- 
ved *• 

It is obvious, from the preceding observations, that 
the amalgam thus formed, consisted of the basis of am- 
monia combined with mercury. This basis has so strong 
an affinity for oxygen that it immediately decomposes 
water, and is Converted into ammonia while hydrogen 

evolved. Hence appears to be the reason why hydro- 
gen always appears during the destruction of the amal- 
gam, and why the amalgam cannot be preserved. The 
quantity of basis of ammonia contained in 50 grains of 
mercury thus converted into a solid amalgam, it is evi- 
dent from the preceding detail cannot exceed -rl^-th of 
a grain. That so minute a portion of matter should 
make so striking a change in so great a quantity of mer- 
cury, and reduce its specific gravity so enormously, is 
perhaps the most extraordinary fact that has yet appeal- 
ed .in chemistry. 

Oxygen then appears to be a constituent part of am- 
monia ; the other ingredients of it, when deprived qf 
that principal, acquire the property of amalgamating 
with mercury, and of course must be of a metallic na- 
ture. This is another unexpected and extraordinary 
fact. What is this metal evolved from ammonia, and 
to which the name of ammonium has been given ? Is 
it in fact composed of one or of two metals ? Are azote 


* Davy’s Electrochemical Researches on the decomposition of the Earths } 
itfc. Phil. Trans. 1 808. 
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IXivhiioni an ^ ty& ro g en each metals in the gaseous state, or ar« 
1 they metallic oxides, or do they constitute a single me- 
tal when united together ? These are questions whicl 
the present state of the subject does not enable us to re- 
solve, The experiments seem rather more favourabh 
to the last supposition, which is the opinion entertainec 
by Berzelius, but they are by no means capable of de 
ciding it. 

Several successful attempts have been made to forn 

Formaticrn ammonia artificially. Dr Austin indeed failed in hi: 

of ammo- r . 

mia, attempts to form it by uniting together hydrogen am 

azotic gases by means of heat, electricity, and cold. An< 
now that we know that this alkali is of a more com 
pound nature than this philosopher supposed, we can 
not be surprized at his failure. It could not be doubt- 
ed, however, that the alkali is often formed durin< 
different chemical processes. Dr Priestley * and M; 
Kir wan f had actually produced it even before its com- 
position was known. It had been found, that when tir 
is moistened with nitric acid, and after being allowec 
to digest for a minute or two, a little potash or lime if 
added, ammonia is immediately exhaled. The nitri< 
acid and the water which it contains are decomposed 
the oxygen of each unites with the tin, and reduces it tc 
the state of an oxide ; while at the same time the hy- 
drogen of the water combines with the azote of the acic 
and with some oxygen, ayd forms ammonia, which is 
driven off by -the stronger affinity of the potash or lime, 
Dr Austin succeeded also in forming ammonia by seve- 
ral other methods. He introduced into a glass tube 


* On A:r , ii. 41, 


f On Hematic Sir, § ii U 
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filled with mercury a little azotic gas, and then put In- , Chap. L 
tb the gas some iron filings moistened with water. The 
iron decomposes the water, and combines with its oxy- 
gen ; and the hydrogen, meeting with azote at the mo- 
ment of its admission, combines with it, and forms am- 
monia. This experiment shows, that the gaseous state 
of the azote does not prevent the formation of ammonia. 

The experiment succeeded also when common air was 
used instead of azote, but a longer time elapsed before 
the extrication of ammonia became sensible. Hence it 
is likely that ammonia is evolved whenever iron rusts 
In contaot with water and air *. 


Trans . 1 78 8, p« 375*. 
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CHAP. II. 

OF FIXED ALKALIES. 


The fixed alkalies are distinguished from the volati t 
in not being gaseous. They may be exhibited pure i 
a solid state. Their taste is much more acrid. Tx > 
fixed alkalies only are at present known ; namely, pt - 
ash and soda . They form the subject of the followii j 
Sections. 


SECT. I. 

OF F O T. A S H. 

I\Tt2thod of Jf a sufficient quantity of wood be burnt to ashes, a: 1 
potash!” 8, these ashes be afterwards washed repeatedly with wal r 
till it comes off free from any taste, and if this liquid 2 
filtrated and evaporated to dryness, the substance whi 1 
remains behind is potash ; not, however, in a state F 
purity, for it is contaminated with several other su - 
stances, but sufficiently pure to exhibit many of its pr - 
perties. In this state it occurs in commerce under t 5 
na me of botash, When heated to redness, many of i 5 
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impurities are butnt off : it becomes much whiter than 
before, and is then known in commerce by the name of 
j pearl-ash. Still, however, it is contaminated with ma- 
ny foreign bodies, and is itself combined with carbonic 
acid gas, which blunts all its properties. It may be ob- 
tained perfectly pure by the following process : 

1. Mix it with twice its weight of quicklime, and ten 
times its weight of pure water : Boil the mixture for 
some hours in a clean iron vessel, or allow it to remain 
for 48 hours in a close glass vessel, shaking it occasion- 
ally. Then pass it through a filter. Boil the liquid 
obtained in a silver vessel very rapidly, till it is so much 
concentrated as to assume when cold the consistence of 
honey. Then pour upon it a quantity of alcohol equal 
in weight to one-third of the pearl-ash employed. 
Shake the mixture, put it on the fire, let it boil for a 
minute or two, then pour it into a glass vessel and cork 
it up. The solution gradually separates itself into two 
strata : the lowest consists of the impurities, partly dis- 
solved in water and partly in a solid state $ the upper- 
most consists of the pure potash dissolved in alcohol, 
and is of a reddish-brown colour. Decant this alcohol 
solution into a silver basin, and evaporate it rapidly 
till a crust forms on the surface, and the liquid below 
acquires such consistence as to become solid on cooling. 
Then pour the solution into a porcelain vessel. When 
cold, it concretes into a fine white substance, which is 
pure potash. It must be* broken to pieces, and put into 
an air-tight phial. 

For this process we are indebted to Berthollet The 


* Jour d* Plys* xxviii. 40s. 
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following, which was first proposed by Lowitz of Pe 
tersburgh, is less expensive,. The potash of commerc 
and quicklime are to be boiled together, as above? descri 
bed. The filtered liquor is then to be evaporated till j 
thick pellicle appears on its surface, and afterwards a] 
lowed to cool ; and all the crystals which have forme 
are to be separated, for they consist of foreign' salts 
The evaporation is then to be continued in an iron pot 
gnd, during the process, the pellicle which forrns on th 
surface is to fie carefully taken off with an iron skim 
mer. When no more pellicle ap ears, and when th 
matter ceases to boil, it is to be taken off the; fire, an 
must be constantly agitated with 4 an iron spatula, wlril 
.cooling, ft is then to be dissolved in double its ow 
weight of cold water. This solution is to be filtere 
and evaporated in a glass retort* till it begins to depc 
site regular crystals. If the mass consolidates ever s 
little by cooling, a small quantity of water is to be add 
ed, and it must be heated again. When a sufficier 
number of crystals have been formed, the liquor whic 
swims oyer them, and which has assumed a very brow 
colour, must be decanted off, and kept in a well-close 
bottle till the brown matter has subsided, and then i 
may be evaporated as before, and more crystals ob 
fained f. 

The theory of these processes is obvious : The lim 
separates the carbonip acid, for which it has a stronge 


** Dr Kennedy observes, very justly, that a glass retort ought not t 
be employed, because potash in this state dissolves glass. Edin. Tfan 
f, 97. 

f Nicholson’s Journal , l. 164. 
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affinity ; and the alcohol or the evaporation separate all 
die other foreign ingredients. 

A still simpler method is employed by Klaproth. He 
boils equal parts. 'of salt of tartar ( carbonate of potash pre- 
pared from tartar), and carrara marble or oyster shells, 
burnt to lime, with a sufficient quantity of water, in a po- 
lished iron kettle . The ley is then strained through clean 
linen, and though still turbid, is reduced by boiling, till it 
contain about one half its weight of potash. It is then 
passed a second time through a linen cloth, and set bye 
in a glass bottle* After some days, when the ley has 
.become’ clear of itself, it is decanted off from the sedi- 
ment into another bottle *. 

As potash is never obtained at first in a state of puri- 
ty, but always combined with carbonic acid, it was long 
before chemists understood to what the changes pro- 
duced upon it by lime were owing. According to some, 
it was deprived of a quantity of mucilage, in which it 
had formerly been enveloped ; while, according to 
others, it was rendered more active by being more com- 
minuted. At last, in 1756, Dr Black proved, by the 
. most ingenious and satisfactory analysis, that the potash 
which the world had considered as a simple substance, 
was really a compound, consisting of potash and carbo- 
nic acid ; that lime deprived it of this acid ; and that 
it became more active by becoming more simple. 

While Dr Black was thus occupied in Scotland, Mr 
Meyer was employed in Germany in the same re- 
searches ; from which, however, he drew very different 
conclusions. His Essays on lime appeared in 1764. 


r Chap* II. 


Black’s dis- 
covery of 
the cause of 
causticity. 


P Klaproth’ s Bet f rage, u Preface, p. ia 
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Pouring into lime-water a solution of potash (carhont * 
of potash') , he obtained a precipitate, which he foui L 
not to differ from lime-stone. The alkali had therefo * 
deprived the lime of its causticity and its active prope * 
ties ; and these very properties it had itself acquire- , 
From whiph he concluded, that the causticity of lin : 
was owing to a particular acid with which it had con • 
bined during its calcination. The alkali deprived tl * 
lime of this acid, and therefore had a stronger affini • 
for it. To this acid he gave the name of zicidum ping ? 
or caiisticum . It was, according to him, a subtile ela ■ 
tic mixt, analogous to sulphur, approaching very nea 
ly to the nature of fire, and actually composed of s . 
acid principle and fire. It was expansible, compress ■ 
ble, volatile, astringent, capable of penetrating all ve 
sels, and was the cause of causticity in lime, alkalie , 
and metals. This theory was exceedingly ingeniou , 
and it was supported by a vast number of new and in 
portant facts. But notwithstanding the reputation ar 
acknowledged genius and merit of its author, it nev< 
gained many followers \ because the true theory < 
causticity, which had been already published by E 
Black, soon became known on the continent 9 and no 
withstanding some opposition at first, soon carried cor 
viction into every unprejudiced mind. Mr Jacquii 
botanical professor at Vienna, published a latin dissei 
tation in defence of Dr Black’s doctrine in 17$9. Thi 
work was opposed in 1170 by Crans, physician to th 
king of Prussia, who endeavoured to defend the hypo 
thesis of Meyer, who was now dead, in a very elaborat 
treatise. The subject was resumed by Mr Lavoisie 
in 1.774 in his physical and chemical essays. He re 
peated the experiments of Dr Black and his disciples 
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apd confirmed them in every particular. Since that 
time the hypothesis of Meyer seems to have been aban- 
doned by every one. 

That potash was known to the ancient Gauls and 
Germans cannot be doubted, as they were the inven- 
tors of soap, which, Pliny informs us, they composed of 
ashes and tallow* These ashes (for he mentions the 
ashes of the beech^tree particularly) were nothing else 
but potash 5 not, however, in a state of purity *. The 
*ov**, too , mentioned by Aristophanes and Plato, appears 
to have been a ley made of the same kind of ashes. 
The alchymists were well acquainted with it ; and it 
has been in every period very much employed in che- 
mical researches. It may be said, however, with justice, 
that till Berth diet published his process in the year 
1786, chemists had never examined potash in a state of 
complete purity f. 

2. Potash is a brittle substance of a white colour, and 
a smell resembling that which is perceived during the 
slacking of quicklime. Its taste is remarkably acrid ; 
and it is so exceedingly corrosive, that when applied to 
any part of the body, it destroys it almost instantaneous- 
ly. On account of this property, it has been called 


* Plinii lib. xviii. c. 51. 

f Potash was long distinguished by the name of vegctablt alkali , be- 
cause it is obtained from vegetables, and because it was long thought to 
be peculiar to the vegetable kingdom ; hut this is now known to be a 
mistake. It was called also salt of tartar , because it may be obtained by 
burning the salt called tartar . Mr Kirwan has given it the name of 
tart arm ; Dr Pearson has called it vegalkali ; Klaproth kali ; and Dr Black 
lixiva. By most British chemists it is called potash ; but this term, in 
common language, signifies th* carbonate of potash, or the potash 0! 
commerce. 
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caustic , and is often used by surgeons, under the nan 
of the potential cautery , to open abscesses, and to destrc 
useless or hurtful excrescences. Its specific gravity 


1*7085 1: 

When heated it melts ; at a red heat it swells, an 
evaporates slowly in a white acrid smoke. A stron 
heat gives it a greenish tinge, but produces no other a. 
teration in it. Potash is not altered by exposure t 
light. 

When exposed to the air, it soon attracts moistur< 
and is converted into a liquid 5 at the same time it com 
bines with carbonic acid, for which it has a strong al 
finity. 

Irs combi- 3 * ^ ^ as a ver 7 stron g affinity for water. At the com 

nation with mon temperature of the air, one part of water dissolve 
water. . . 

two parts of potash. Ihe solution is transparent, ven 

dense, and almost of the consistence of oil. It is in thi: 

state that potash is usually employed by chemists 

When four parts of potash in f powder and one of snov 

are mixdd together, the mixture becomes liquid, and a 

the same time affords a quantity of caloric. This mix 

ture was employed by Lowitz to produce artificial cold 

( When the aqueous solution of potash is evaporated to a 

proper consistency, the potash crystallizes. The shape 

of its crystals is very different, according to the way in 

which they have been produced. When allowed to 

form spontaneously, they are octahedrons ingroupes,and 

contain 0*43 of water *: When formed by evaporation 


| Hasscnfratz, Ann . de Cbim. xxviii. 11. 

* According to Proust, the hydrate .of potash contains only 0*30 of wa- 
C!«r. Jour, de Pbyu lix. 26 6, 
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on the fire, they assume the figure of very thin transpa- 
rent blades of extraordinary magnitude, which, by an 
assemblage of lines crossing each other in prodigious 
numbers, present an aggregate of cells or cavities, com- 
monly so very close, that the vessel may be inverted 
without losing one drop of the liquid which it con- 
tains f. 

4. Potash shows no disposition to unite with oxygen, 
neither is it altered by the action of any of the com- 
pounds into which oxygen enters, though it has a strong 
tendency to unite with several of these compounds. 

5. It unites with none of the simple combustibles ex- 
cept sulphur. Carbon and hydrogen do not act upon it 
at all ; neither%oes it produce any alteration in them, 
but it acts upon phosphorus with considerable energy. 

When three parts of sulphur and one of potash are 
triturated together in a glass .mortar, the sulphur ac- 
quires a green colour, the mixture becomes hot, and ex- 
hales an alliaceous odour. It gradually attracts moisture 
from the air, and is totally soluble in water *. Whea 
two parts of potash and one of sulphur are heated in a 
crucible, they melt and combine, and form & sulphuret of 
potash. The potash of commerce may be also employ- 
ed ; for the carbonic acid separates in the form of a gas 
during the combination of the potash and sulphur. 
When the fusion is complete, the sulphuret is to be 
poured upon a marble slab ; and as soon as it congeals, 
it must be broken in pieces,, and set by in a weli- 
corked phial. 

Sulphuret of potash, thus prepared, is of a brown co- 
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f Nicholson’s Journal y i. 164. 
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lour, not unlike the liver of animals. Hence it w; 
formerly called hepar sulphuris , “ liver of sulphur 5 
but when exposed to the air, it soon becomes greei 
and even white. It is hard, brittle, and has a glass 
fracture. Its taste is acrid, caustic, and bitter, and : 
leaves a brown stain upon the skin. It has no oth< 
smell than that of sublimed sulphur. When expose 
to a violent heat, the sulphur sublimes, and the potas 
remains in a state of purity. This sulphuret conver 
vegetable blues to green, and soon destroys them. Whe 
heated with charcoal, it dissolves and combines wit 
it *. 


Hydrogti- 
reced sul- 
phuret. 


When sulphuret of potash is exposed to the air, c 
when it is moistened with water, its properties ver 
soon change. It acquires a green colour, and exhale 
the odour of sulphureted hydrogen gas. This chang 
is owing to the formation of a quantity of sulphurete 
hydrogen, inconsequence of the decomposition of th 
water. This new-formed substance combines with th 
sulphuret, and converts it into hydrogureted sulphuret c 
potash , which is soluble in water, and has a brownis 
green colour. It may be formed also by boiling in wa 
ter two parts of potash and one part of sulphur. Su] 
phuret of potash produces no change upon air, but hy 
drogureted sulphuret gradually absorbs oxygen. Whe 
inclosed in a vessel with a quantity of air, it soon ab 
sorbs all the oxygen of that portion, and leaves nothin: 
but azotic gas. This fact, which was first observed b' 
JScheele, induced him to use hydrogureted sulphuret t 
measure the quantity of oxygen contained in any givei 


* Fcnircroy, ii. 203. 
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portion of atmospheric air. Hydrogureted sulphuret is 
capable of oxidizing and dissolving almost all the me- 
tals. We are indebted to Mr Berthollet for the first ac- 
curate account of the difference between these two sub- 
stances +. 

Potash cannot be combined with phosphorus by any 
method at present known. But when potash, dissolved 
in water, is heated over phosphorus in a retort, the wa- 
ter is gradually decomposed, part of the phosphorus is 
converted into phosphoric acid, and a great quantity of 
phosphureted hydrogen gas is emitted, which takes fire, 
as usual, as soon as it comes in contact with the air of 
the atmosphere. It was by this process that Gengem- 
bre first obtained phosphureted hydrogen gas. 

6. It does not appear that potash is capable of uniting 
with azote, or even of acting on it at all ; but with 
muriatic acid it unites very readily, and forms the com- 
pound known by the name of muriate of potash. 

7. Potash does not combine with any of the metals ; 
but some of the metals which have a strong affinity for 
oxygen, when put into a solution of potash in water, es- 
pecially if heat be applied, are gradually oxidized. This 
is the case with molybdenum, zinc, and iron. Tin al- 
so is oxidized in a very small proportion 5 and this 
seems also to be the case with manganese. 

It is capable of dissolving a considerable number of 
the metallic oxides , and in some cases it deprives them 
of a dose of their oxygen. Thus when poured upon the 
red oxide of iron, it soon converts it mto the black. 
The cause of this change is unknown. It has been as- 
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f Jinn, dt Cbim , xxv $33. Sec also Proust, Jour ; de Pfos* lix, 265. 
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Whether a 
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Lead 

Zinc, 

Tin, 

Antimony, 

Nickel, 

Tellurium, 

Arsenic, 

Tungsten, 

Cobalt, 

Molybdenum. 

Manganese, 



But the nature of these solutions has not hitherto bee 
examined with any degree of attention 5 though tl 
subject is remarkably curious, and promises to thro 
Jight both upon the nature of alkalies and metals. 

Various opinions have been entertained by chemis 
respecting the composition of potash. At one time ; 
was fashionable to consider azote as one of its constiti > 
ents^ because that principle had been detected in an * 
monia, and It was thought not unlikely by Lavoisie > 
that as oxygen, one of the constituents of air, was t] ^ 
acidifying principle, azote, the other constituent, ,wou l 
be found to be the principle of alkalisation. Morve; 1 
and Desormes announced, some time ago, that th< * 
consider potash as a compound of hydrogen and lim . 
Their chief proofs were the appearance of lime, wk l 
the salt, composed of hyperoxygenized muriatic ac [ 
and potash, is strongly heated with phosphoric acid 1 
a crucible of platinum , and a manifest combustion, t • 
gether with the deposition of lime, when charcoal ai [ 
potash are in like manner exposed to a strong heath) 1 


*■ Bergman, iii. 456, Proust, Jour, #c PJy j. Ivj. 207. 
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platinum crucible *. But these and the other experiment 
Sal proofs being examined by Darracq, that accurate che- 
mist ascertained that the results obtained by Desormes 
and Morveau were owing, in most cases, to the impurity 
of the potash with which they had made their experi- 
ments ; while in others they had drawn wrong inferen- 
ces from mistaken resemblances f . Their hypothesis 
of course cannot be maintained. 

This question, inferior to none in the annals of che- 
mistry, has been at last decided by the happy sagacity 
of Mr Davy, who has recently enriched chemistry with 
a long train of the most important and brilliant disco- 
veries. Potash, it follows from his experiments, is a 
compound of oxygen and a new metal, to which he has 
given the name of potassium. 

When potash is perfectly dry it is a non-conductor of 
electricity, but it becomes a conductor when slightly 
moistened on the surface, a degree of moisture which 
it acquires by being exposed for a few seconds to the 
atmosphere. When pieces of potash in this state are 
placed upon a disc of platinum attached to the nega- 
tive end of a powerful galvanic battery, aud a platinum 
wire from the positive extremity is made to touch its 
upper surface, the potash is gradually decomposed, 
oxygen gas separating at the extremity of the positive 
wire, while globules of a white metal like mercury 
appear at the side in contact with the platinum disc. 
A number of accurate experiments demonstrated to Mr 
Davy, that these globules were the basis of potash, 
and that they were converted into potash by absorbing 
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Action of 
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oxygen. This metallic substance possesses the follov r 
ing properties : 

Its colour is white like that of mercury. At tl ; 
temperature of 100° it is as fluid as mercury ; at 60° ; 
still continues imperfectly fluid ; at 50° it is a soft ar 
malleable solid, while at 32° it is hard, brittle, an 
crystallised in facets. When heated nearly to redne ; 
it is volatilized and converted into vapour. Itconduc , 
electricity and heat as well as other metallic bodies. 

It differs remarkably from all the metals previous - 
known in its specific gravity ; being lighter than ai * 
other liquid substance hitherto examined, swimmii ? 
even in naphtha of the specific gravity 0*770. As it a - 
ters very rapidly when exposed to the air, it is difficr : 
to ascertain its specific gravity with accuracy. IS • 
Davy endeavoured to estimate the relative weight of i 
globule of potassium and of mercury, of exactly t s 
<mme bulk, measured by means of a micrometer : 1 : 
found the weights to each other as 10 to 223, whi< i 
gives 0*6 nearly for the specific gravity of potassium 

Its affinity for oxygen and it;s tendency to absorb th fc 
principle are much greater than that of any oth : 
substance previously known. Hence, if exposed > 
the air, it absorbs oxygen, and is covered with a crust : 
potash in a few minutes ; this crust absorbs water whi< i 
is rapidly decomposed, and in a short time the who : 
becomes a saturated solution of potash. When throv 
upon water it decomposes that liquid with rapidity, he : 
is evolved, hydrogen gas holding potassium in soluti< 
is emitted, which, takes fire spontaneously, and tl 
whole potassium burns with an explosion, and is coi 
verted into potash. It burns equally when placed up< 
ice. It equally decomposes water, and is converted ii 
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to potash when kept in alcohol, ether, and ails, or when’ 
thrown into the mineral acids. Newly distilled naph- 
tha is the substance in which it may be best preserved. 
In this liquid it remains unaltered for many days, and 
may be readily examined in the open air when covered 
with a crust of it. 



When heated in hydrogen gas, a portion of it is dis* 
solved, and the gas acquires the property of burning 
spontaneously when it is mixed with atmospheric air. 

But if kept for a short time it again deposites the 
potassium, and loses the property of burning sponta- 
neously. 

When heated in a small quantity of oxygen gas it ab- protoxide 
sorbs a portion of it, loses its metallic appearance, as- ^^ )tas *' 
sumes a reddish brown colour, and becomes grey when 
cold. In this state it may be considered as a protoxide 
of potassium. This protoxide may be readily formed 
by fusing together potash and potassium in a glass tube 
filled with the vapour of naphtha. When exposed to 
the air it readily absorbs more oxygen, and is con- 
verted into potash. 

When potassium is exposed to the action of oxymu- 
riatic acid gas it takes fire, and is converted into muriate 
of potash. 

Potassium, when brought in contact with phosphorus, phosphu m» 
and pressed upon under naphtha, combines with it and 
forms a phosphuret of potassium, which has the colour 
of lead, and remains solid at the boiling point of naph- 
tha. When exposed to the air it slowly absorbs oxy- 
gen and is converted into phosphate of potash. When 
the metal and phosphorus are brought into contact in 
the open air, they become fluid together, burn, and are 
$opverted at once into phosphate of potash. 
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Potassium combines rapidly with sulphur in tubes fille 
with the vapour of naphtha, while heat and light are evo 
ved. The sulphuret formed has the grey colour of artil 
cial sulphuret of iron. A little sulphureted hydrogen 
given out during the formation of this compound. 3 
the open air the combination takes place with combu 
t-ion,. and sulphuret of potash rs formed. Sulphuret < 
potassium, when exposed to the air, is gradually coi 
verted into sulphate of potash. 

Potassium readily combines and forms an alloy wil 
all the metals hitherto tried. When one part of pota 
sium is* added to about 10 parts of mercury in bull 
they instantly unite and form a substance very lit 
mercury in colour.. When a globule is made to touc 
a globule of mercury twice as bulky,, they combine wi 
considerable heat. The globule is at first fluid, but c 
cooling becomes solid and resembles silver.. If the p< 
tassium be increased to about T ^th of the mercury . 
weight,., the amalgam is harder and becomes brittl 
One part of potassium renders 70 parts of mercury soli 
and forms an amalgam very soft and malleable.. Whc 
these amalgams are exposed to the air,, they rapidly al 
sorb oxygen, potash is formed, which deliquesces, ar 
in a few minutes the mercury is found pure and unalte 
ed. In water the amalgam is decomposed with a his 
ing noise, hydrogen gas is evolved,,, and the mercm 
remains free. The fluid amalgam of potassium ac 
upon most metals.. In this state of union mercury ac 
on iron and platinum. 

When potassium is heated with gold, silver, or coj 
per in a close glass vessel, it combines with them. Tf 
alloy is decomposed when thrown into water, potash 
formed, and the other metals separated. No attemp 


(POTASH* 


37 


fiave been made to combine it with other metals, except 
with fusible metal, with which it unites and forms an 
alloy that requires more heat to melt it than the fusible 
metal itself. 

When potassium is mixed and heated with metallic 
oxides, it rapidly reduces them to the metallic state. Mr 
Davy tried the experiment on the oxides of iron, tin, 
and lead. When there is an excess of potassium it forms 
an alloy with the revived metal. Its action upon me- 
tallic oxides is so strong, that it ^readily decomposes flint 
and green glass in a gentle heat. 

Mr Davy demonstrated by the most decisive expe- 
riments, that when potassium combines with oxygen to 
saturation it is converted into potash* He performed 
this experiment in glass tubes, and ascertained the bulk 
of oxygen gas absorbed during the combustion of a given 
weight of potassium.. From these experiments it fol- 
lows, that potash is composed of about 6 parts potas- 
sium and 1 part of oxygen, or nearly of 
potassium S6 
oxygen 14 
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Galvanism is not the only mode by which potash may Potash de» 
be decomposed, and its base obtained nearly in a state by'irom 
of purity. Gay Lussac and Thenard have succeeded 
in decomposing it by means of iron filings ; and their 
experiment has been successfully repeated by Mr Davy. 

Into the middle of an iron gun barrel is to be put a 
quantity of clean and dry iron filings or turnings. An 
iron tube, containing potash as dry as possible, should 
be ground to one end of the gun barrel, and having a 
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I^vfon'l sma ^ hole through which the potash may run slow “ 
when melted. To the other extremity a tube of safet > 
containing mercury or naphtha, ought also to be lute > 
and great care should be taken that all the lutings * s 
air tight. The gun barrel being laid across a furnac , 
the iron turnings within it are brought to a white he , 
while the potash is kept cool by means of ice ; th i 
the potash is brought into fusion, and made to flow slo^ - 
ly through the iron turnings. Hydrogen gas is emitt 1 
in considerable quantity during the whole process. T 2 
part of the gun barrel next the tube of safety should 2 
kept constantly cool. When the process is at an er , 
n portion of potassium nearly pure is found near the tu 2 
safety; but the greatest part of it is alloyed with the ir 1 
turnings *. 

Such are the properties of potassium hitherto inves - 
gated. For all the facts above stated we are indebted 
Mr Davyf ; but his experiments have been repeat 3 
Slid confirmed by other respectable philosophers. I r 
Davy has lately ascertained that the protoxide of pots - 
slum has the property of combining with ammonia a 3 
azote. The last compound inflames spontaneous y 
when exposed to the air, potash is formed, and azo c 
gets disengaged. It acts violently on water, and prod - 
ccs potash and ammonia J. 

Potash or the peroxide of potassium is of the high* t 


* Phil Mag. xxxii. 89 , and 276. See also a note in Mr Davy’s p x 
C ft the Decomposin '; <j tU Earths . Phil. c Iruns. l8cS. 

f See Davy's lecture on the Decompisitivn and Composition of the }’} d 
Jil'kalies . P . Trans. I008. 
t Phil, Mag. xxxii. 368 
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importance, not only in chemistry, where it is employ- 
ed for a great variety of purposes, but also in many 
arts and manufactures ; as washing, bleaching, dyeing, 
glass-making, and others, as will afterwards -appear. 
It is employed also in sutgery and medicine. 



SECT. IL 

OF SODA. 

Soda, called also fossil or mineral alkali * , because it Names, 
was thought peculiar to the mineral kingdom, was 
known to the ancients (though not in a state of purity) 
tinder the names of and nitrum f. 

It is found in large quantities combined with carbo- Prepara- 
nic acid in different parts of the earth, especially in E- 
gypt ; and common salt is a compound of soda and mu- 
riatic acid. But the soda of commerce is obtained from 
the ashes of different species of the salsola , a genus of 
plants which grow upon the sea-shore, especially from 
the salsola soda , from which the alkali has obtained its 
name. The soda of commfen?e is also -called barilla, 
because the plant from which it is obtained hears that 
name in Spain.. Almost all the algae, especially the 


* Dr Pearson has proposed to distinguish it by the name of fossallali; 
Klaproth calls it natron. 

f The \t1pov of tt e Athenians was evidently the same substance ; and 
■■so was the of the Hebrews. 
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Book IL fuel, contain also a considerable quantity of soda. Th 

> v _. 'j ashes of these plants are known in this country by th 

name of kelp y in France they are called varec. 

The soda, or barilla, of commerce, is far from bein 
pure ; besides carbonic acid it contains common sail 
and several other foreign ingredients j but it may be ob 
tained perfectly pure by the processes described in th 
last Section for purifying potash. 

Soda and potash resemble each other so nearly, tha 
they were confounded together till Du Hamel publish 
ed his dissertation on common salt in the Memoirs o 
the French Academy for 1736. He first proved tha 
the base of common salt is soda, and that soda is differ- 
ent from potash. His conclusions were objected to bj 
Pott, but finally confirmed by Margraff in 1758 *. 

Properties. Soda is of a greyish-white colour, and agrees exactl) 
with potash in its taste, smell, and action upon anima' 
bodies ; but its specific gravity is only 1*336 f . 

Heat produces on it exactly the same effects as upon 
potash. When exposed to the air, it absorbs moisture 
and carbonic acid, and is soon reduced to the consist- 
ence of paste : but it does not liquefy like potash ; in a 
few days it becomes dry again, and crumbles into 
powder. 

It has a strong affinity for water, dissolves in it like 
potash, and may also be obtained in crystals by evapo- 
rating its aqueous solution. It is not altered by light ; 
nor does it combine with oxygen, hydrogen, azote, car- 
bon, charcoal, nor metals. Its action upon phosphorus 
and sulphur is the same with that of potash. The sul- 


* Opusc. ii. 33 i» 
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phuret and hydrogureted sulphuret of soda possess the , clia P- 11 a 
properties of the sulphuret and hydrogureted sulphuret 
of potash, and are formed in the same manner. In its 
action on metals, metallic oxides, and in its affinities, it 
also agrees with potash. In short, the two fixed alkalies, 
in a state of purity, resemble each other very nearly in 
almost every particular. 

Similar opinions respecting its composition were en- Composl- 
tertained by chemists, as those which they had respect- 
ing the composition of potash. Fourcroy supposed it a 
compound of magnesia and azote. Desormes and Mor- 
veau*, on the other hand, affirmed that it is composed 
of magnesia and hydrogen ; but the experiments upon 
which this opinion was founded have been proved in- 
accurate by Darracq f. Mr Davy has lately succeeded 
in decomposing it by the same processes which enabled 
him to ascertain the composition of potash. Like that 
alkali it is a metallic peroxide. To its metallic basis 
Mr Davy has given the name of sodium . 

Soda is decomposed by the galvanic battery in the 
same way as potash ; but requires a more powerful 
battery, or much smaller pieces of soda must be exposed 
to its action. 

Sodium is a white metal like silver, and at the com- Properties 
mon temperature of the atmosphere is solid ; but exceed- of S0<iium * 
ingly malleable, and so soft that pieces of it may be 
welded together by strong pressure. It still retains its 
malleability and softness at the temperature of 32°. 

When heated to 120° it begins to melt, and is com- 
pletely fluid at 180° ; though exposed to a red heat 


* Mm, de I'Instit. Six. 


f Ann , de Cbim, xh 171. 
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Division I. , ° ' 

> — ^ -■ 1 zed* 

It conducts electricity and heat in the same manne 
as potassium. It is heavier than that metal, though nc 
so heavy as water ; swimming in oil of sassafras, of th 
Specific gravity 1*096, and sinking in naphtha of th 
specific gravity 0*861. By mixing these two liquid 
together till they acquired just the specific gravity o 
sodium, Mr Davy ascertained that the specific gravity 
of that metal is 0*934S. 

Its affinity for oxygen is similar to that of potassium 
and hence it acts nearly in a similar manner when ex 
posed to substances containing that principle. Whei 
exposed to the air it absorbs oxygen, and is soon cover 
ed with a crust of soda, which deliquesces much mor 
slowly than potash ; hence the sodium is not so sooi 
converted into an alkali as potassium. No combustioi 
takes place unless the sodium is heated nearly to redness 
but the rapidity of the absorption of oxygen increase 
with the temperature. The flame which it produces ii 
oxygen gas is white, and as it sends out bright spark 
the effect is beautiful. 

Hydrogen gas though assisted by heat seems to hav< 
no action on it whatever. When thrown into water so- 
dium occasions a violent effervescence, with a loud hiss- 
ing noise ; hydrogen gas is evolved and soda formed 
but no combustion takes place as happens to potassium 
probably because sodium is insoluble in hydrogen gas 
A few scintillations indeed appear when sodium i« 
thrown into hot water. Sodium usually burns alsc 
when brought in contact with a small particle of water 
or when placed on moistened paper. 

When fused with dry soda in certain quantities, there 


'■'Protoxide* 
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is a division of oxygen between the soda and the base ; t Chap- ^ 
and a protoxide of sodium is formed of a deep brown 
colour while fluid, but which becomes a dark grey solid 
on cooling. This protoxide when exposed to the air 
absorbs oxygen* and is converted into soda. 

When sodium is exposed to the action of oxymuria- 
tic acid gas, it burns vividly with bright scintillations 
of a red colour. 

It combines with phosphorus with the same pheno- Phosphu- 
mena as potassium, and forms a similar phosphuret, ret * 
which is converted into phosphate of soda by exposure 
to the air. 

It combines with sulphur in close vessels filled until Sulphured 
the vapour of naphtha with great vividness, with light 
and heat, and often with explosion from the vaporiza- 
tion of a portion of the sulphur, and the disengagement 
of sulphureted hydrogen. The sulphuret of sodium is 
of a deep grey colour. 

It decomposes the water in alcohol and ether precise- 
ly as potassium does. In oils it gradually absorbs oxy- 
gen and forms soaps. It is converted into soda when 
thrown into the mineral acids, in nitric acid wfith in- 
flammation, and in sulphuric and muriatic acids with 
the evolution of much heat. 

It combines with metals, and forms alloys similar to Alloys 
the alloys of potassium. One part of it renders 40 
parts of mercury solid, and of the colour of silver ; and 
the combination is attended with a considerable degree 
of heat. It combines with tin without changing its 
colour, and acts on gold and lead by the assistance of 
heat. When these alloys are exposed to the air the 
sodium soon absorbs oxygen, and is converted into soda ; 
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the amalgam of sodium combines with the other me 
tals and with sulphur, forming triple compounds. 

From a number of experiments on the combinatior 
of sodium with oxygen, made in the same manner as 
those on the combination of potassium with the same 
principle, Mr Davy has shown that soda is composed 
of about 7 parts sodium and 2 of oxygen, or nearly of 
Sodium 78 
Oxygen 22 

100 

Thus it appears that both the fixed alkalies are metallic 
peroxides, and that the bases of both are capable of com- 
bining with two doses of oxygen. But the protoxide 
is not permanent in consequence of its great affinity for 
oxygen . 

The importance of soda in manufactures is not infe- 
rior to that of potash. For several purposes, indeed, as 
Jot the manufacture of soap and glass, it answers even 
better than potash. 


Book ir. 
Division I. 


Composi- 
tion of soda. 


ALKALIHE EARTHS® 


45 


Chap. II I. 


CHAP. III. 

OF THE ALKALINE EARTHS® 


The word Earth, in common language, has two 
meanings; it sometimes signifies the globe, which we in- 
habit, and sometimes the mould on which vegetables 
grow. Chemists have examined this mould, and have 
found that it consists of a variety of substances mixed 
together without order or regularity. The greatest 
part of it, however, as well as of the stones which form 
apparently so large a proportion of the globe, consists 
of a small number of bodies, which have a variety of 
common properties. These bodies chemists have agreed 
to class together, and to denominate earths . 

Every body which possesses the following properties 
i s an earth . 

1. Insoluble in water, or nearly so ; or at least beco- Properties- 
ming insoluble -when combined with carbonic acid. 

2. Little or no taste or smell ; at least when combi- 
ned with carbonic acid. 

3. Fixed, incombustible, and incapable while pure of 
being altered by the fire. 

4. A specific gravity not exceeding 4*9. 
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> ... y ..-. i white powder. 

6. Not altered when heated with combustibles. 

The earths have been divided into two classes, namt 
ly, alkaline earths and earths proper. The first have th 
property of giving a green colour to vegetable blue 
and of neutralizing acids ; the second do not alter ve 
getable blues, and are incapable of neutralizing acid: 

The alkaline earths are four in number ; namely. 
Lime, 

Magnesia, 

Barytes, 

Strontian. 

The properties of these bodies occupy our attentio 
in the four following Sections. 


SECT. I. 

OF LIME. 

I jime has been known from the earliest ages. The an 
cients employed it in medicine ; it was the chief iugre 
dient in their mortar ; and they used it as a manure t 
fertilize their fields. 

Lime abounds in most parts of the world, or peril ap 
I should rather say, that there is no part of the worlt 
where it does not exist. It is found purest in lime 
stones, and marbles, and chalk. None of these sub 
stances, however, is, strictly speaking, lime ; but the) 
are all capable of becoming lime by a well-known pro- 
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Cess, by keeping them for some time in a white heat : t Chap. IIL 
this process is called the burning of lime . The product, 
which in common language is denominated quichlime > 
is the substance known in chemistry by the name of 
lime . 

1. Lime may be obtained perfectly pure by burning Prepare* 
those crystallized limestones, called calcareous spars , 
which are perfectly white and transparent, and also by 
burning some pure white marbles. It may be procured 

also in a state of purity by dissolving oyster-shells in 
muriatic acid, filtering the solution, mixing it with 
ammonia as long as a white powder continues to fall, 
and filtering again. The liquid is now to be mixed 
with a solution of carbonate of soda : the powder which 
falls being washed and dried, and heated violently in a 
platinum crucible, is pure lime. 

2. Pure lime is of a white colour, moderately hard, p r0 p ert ; e «. f 
but easily reduced to a powder. 

It has a hot burning taste, and in some measure cor- 
rodes and destroys the texture of those animal bodies 
to which it is applied. Its specific gravity is 2*3*. It 
tinges vegetable blues green, and at last converts them 
to yellow. 

It is incapable of being fused by the most violent 
heat that can be produced in furnaces, or even by the 
most powerful burning-glasses. 

3. If water be poured on newly burnt lime, it swells siacfcfcgor 
and falls to pieces, and is soon reduced to a very fine limf * 
powder. In the mean time, so much heat is produced, 

that part of the water flies off in vapour. If the quan- 


* Kir wan's Miner* l 
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the heat produced is sufficient to set fire to combusti 
bles. In this manner, vessels loaded with lime hav< 
sometimes been burnt. When great quantities of lim« 
are slacked in a dark place, not only heat but light al 
so is emitted, as Mr Pelletier has observed Whei 
slacked lime is weighed, it is found to be heavier thai 
it was before. This additional weight is owing to tin 
combination of part of the water with the lime ; whicl 
water may be separated again by the application of ; 
red heat ; and by this process the lime becomes jus 
wbat it was before being slacked f . Hence the reasoi 
of the heat evolved during the slacking of lime. Par 
of the water combines with the lime, and thus be- 
comes solid ; of course it parts with its caloric of flui- 
dity, and probably also with a considerable quantity o 
caloric which exists in water even when in the state o 
ice : for when two parts of lime and one part of ic< 
(each at 32°) are mixed, they combine rapidly, anc 
Hydrate of their temperature is elevated to 212 °. The elevatior 
of temperature during the slacking of barytes anc 
strontian is owing to the same cause. From the ex- 
periments of Mr Dalton it follows, that slacked lime, 
well dried in a moderate heat, is composed of 3 parts 
lime and I part water J. This result does not differ 
much from the previous experiments of Lavoisier, whc 
found that 1000 parts of lime, when slacked, were con- 


* Jour, de JPbys. i. aa. f Dr Black. 
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Verted into 1287 parts *. Slacked lime then maybe Chap, ilk 
considered as a hydrate of Imt* 

The smell perceived during the slacking of lime is 
owing to' a part of that earth being elevated along with 
the vapour of the water 5 as evidently appears from 
this circumstance, that vegetable blues exposed to this 
vapour are converted into green. 

Limestone arid chalk, though they are capable of be- Difference 
1* \ , 6 . . between 

mg converted into lime by burning , possess hardly any limestone 

of the properties of that active substance. They are andliine * 
tasteless; scarcely soluble in water; and do not percep- 
tibly act on animal bodies. Now, to what are the new 
properties of lime owing ? What alteration does it un- 
dergo in the fire ? 

It had been long known, that limestone loses a good 
deal of weight by being burned or calcined. It was na- 
tural to suppose, therefore, that something is separated 
from it during calcination. Accordingly; Van Helmont; 
Ludovicus^ and Macquer, made experiments in succes- 
sion, in order to discover .what that something is and 
they concluded from therin that it is pure water , which 
the lime recovers again when exposed to the atmosphere. 

As the new properties' of lime could hardly be ascribed 
to this loss, but to some other cause; Stahl T s opinion, 
like all the other chemical theories of that wonderful 
rrian^ was generally acceded to; He supposed that the 
new properties which lime acquired by calcination are 
owing entirely to the more minute division of its parti- 
cles by the action of the fire. Boyle indeed had en- 
deavoured to proven that these properties are owing to 


* Lavoisicx’s Essays translated by Henry, p. 330. 
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the fixation of fire in the lime; a theory whiclrwas 
braced by Newton and illustrated by Hales, and which 
Meyer new modelled, and explained with so much in- 
genuity and acuteness as to draw the attention of the 
most distinguished chemists. But while Meyer was 
thus employed in Germany,. Di: Black of Edinburgh 
published in 1756 those celebrated experiments which 
form so brilliant an era in the history of chemistry. 

He first ascertained, , that the quantity of water sepa- 
rated from limestone during its calcination is not nearly 
equal to the weight which it lost. He concluded in 
consequence, that it must have lost something else than 
mere Water. What this could be, he was at first at a 
loss to conceive ;■ but recollecting that Dr Hales had 
proved that limestone,, during its solution in acids, 
emits' a great quantity of air , he conjectured that this 
might probably be what is lost during calcination. He 
calcined it accordingly, and applied a pneumatic appa- 
ratus to receive the product. He found his conjecture 
verified'; and that the air and the water which separa- 
ted from the lime were together precisely equal to the 
loss of weight which it had sustained. Lime therefore 
owes its new properties to the loss of air and lime- 
stone differs from lime merely in being combined with 
a certain quantity of air;, for lie found that, by restoring 
again the same quantity of air to lime, it was converted" 
into limestone. This air, because it existed in lime in 
a fixed state, he called fixed air . It was afterwards ex- 
amined by Dr Priestley and other philosophers ; found 
to possess peculiar properties, and to be that species 
of gas now known by the name of carbonic acid gas. 
Lime then is the simple substance, and limestone is 
composed of carbonic acid and lime. Heat separates 
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the carbonic acid, and leaves the lime in a state of 
purity. 

5. When lime is exposed to the open air, it gradu- 
ally attracts moisture, and falls to powder ; after which, 
it soon becomes saturated with carbonic acid, and is 
again converted into carbonate of lime or unburnt lime- 
stones 

Water, at the common temperature of the atmosphere, 
dissolves less than 0*002 parts of its weight of lime 
This solution is called lime-water . It is limped, has an 
acrid taste, and changes vegetable blue colours to green. 
One ounce troy of lime-water contains about one grain 
of lime. It is usually formed by throwing a quantity 
of lime in powder into pure water, allowing it to re- 
main for some time in a close vessel, and then decant- 
ing the transparent solution from the undissolved lime. 
When lime-water is exposed to the air, a stony crust 
soon forms on its surface composed of carbonate of 
lime ; when this crust is broken it falls to the bottom, 
and anotheiisucceeds it ; and in this manner the whole 
of the lime is soon precipitated, by absorbing carbonic 
acid from the air. 

6. Lime is hot acted on by light, neither does it com- 
bine with oxygen. 

7. Sulphur and phosphorus are the only simple com- 
bustibles with which it unites. 

Sulphuret of lime may be formed by mixing its two 
component parts, reduced to a pcrwder, and heating 
them in a crucible. They undergo a commencement 
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. * % my trials, lime water contains only one 758th of its^weigk of 
lime.’ 
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y— — ' exposed to the air, or moistened with water, its colcu 
becoming greenish- yellow, sulplmreted hydrogen i 
formed, and the sulphuret is converted into a bydrogu 
reted sulphuret, which exhales a very fetid odou* o 
sulpliureted hydrogen gas. This hydrogureted sulpha 
ret may be formed also by boiling a mixture of linn 
and sulphur in about ten times its weight of water, o: 
by sprinkling quicklime with sulphur, and then moist 
ening it : the heat occasioned by the slacking of th< 
lime is sufficient to form the combination. "When this 
hydrogureted sulphuret is exposed to the air, it imbibe: 
oxygen ; which combines at first with the hydrogen, anc 
afterwards with the sulphur, and converts the compounc 
into sulphate of lime *. When the solution of hydro, 
gureted sulphuret of lime is kept in a close vessel, the 
sulphur gradually precipitates, and hydro-sulphuret o: 
lime remains in solution. 

The hydrogureted sulphuret of lime has the proper- 
ty of dissolving charcoal by the assistance ck heat, anc 
of retaining it in solution f. It acts very powerfully 
upon metals and metallic oxides. 

iPhosphu- Fhosphuret of lime may be formed by the following 
process : Put into the bottom of a glass tube, close at 
one end, one part of phosphorus- ; and, holding the tube 
horizontally, introduce five parts of lime in small lumps, 
so that they shall be about two inches above the phos- 
phorus. Then place the tube horizontally among burn- 
ing coals, so that the part of it which contains the lime 
may be made red hot, while the bottom of the tube con* 
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turning the phosphorus remains cold. When the lime t Chap, 'll h 
becomes red hot, raise the tube, and draw it along the 
coals till that part of it which contains the phosphorus 
is exposed to a red heat. The phosphorus is immedi- 
ately volatilized, and passing through the hot lime 
combines with it. During the combination the mass 
becomes of a glowing red heat, and a quantity of phos- 
phureted hydrogen gas is emitted, which takes fire when 
it comes into the air* This curious process was contri- 
ved by Dr Pearson, to whom we are indebted for the 
discovery of the earthy pbosphurets *. 

Phosphuret of lime has a deep brown colour, and is. 
moulded into the shape of the tube. It has no smell, 
and falls to pieces in the air. it is insoluble in water ; 
but it has the property of decomposing that liquid. 
Phosphureted hydrogen gas is emitted, which takes fire 
as soon as it comes to the surface of the water. Part 
of this gas combines with the phosphuret, and forms a 
kind of bydrognreted phosphuret. Hence it happens, 
that if phospuret of lime, after being kept for some time 
in water, be taken out and dried, it flames when muria- 


* Van Mons has proposed the following method; hut it appears to 
•me rather inferior to that -which is described in the text : — Fill a small 
glass matrass two-thirds with carbonate of lime in powder. Put it into 
a sand bath, and expose it to a heat sufficient to drive off the carbonic 
acid. Towards the end of the process introduce gradually a third part 
of phosphorus, taking care to keep the lime in a red heat. The phos- 
phorus melts, hut is prevented from burning by the remains of carbonic 
••acid, which it disengages from the lime. When the whole of the phos- 
phorus is introduced, shut up the matrass with a stopper, provided with 
-a valve to let gas escape, but permiting none r.o enter, and let the fire be 
immediately withdrawn. When quite cold, the phosphuret is to -be put 
into dry phials with ground stoppers. See Jour, ds Cbim. iii. 75. 
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tic acid is poured upon it, owing to the rapid emissio 
of phosphureted hydrogen gas *. 

$. Lime does not combine with azote 5 but it unite 
readily with muriatic acid, and forms muriate of lime. 

9. Lime facilitates the oxidizement of several of thi 
metals, and it combines with several of the metalli 
oxides, and fprms salts which have not hitherto bee; 
examined, if we except the compounds which it form 
with the oxides of mercury and lead, which have beei 
described by Berthollet. 

The red oxide of mercury, boiled with lime-water 
is partly dissolved, and the solution yields by evapora 
tion small transparent yellow crystals!. This com 
pound has been called by some mercuriate of lime . 

Lime water also dissolves the red oxide of lead, an< 
(still better) litharge. This solution, evaporated in s 
retort, gives very small transparent crystals, forming 
prismatic colours, and not more soluble in water thai 
lime. It is decomposed by all the alkaline sulphates 
and by sulphureted hydrogen gas. The sulphuric anc 
muriatic acids precipitate the lead. This compounc 
blackens wool, the nails, the hair, white of eggs ; bui 
it does not affect the colour of silk, the skin, the yolls 
of egg, nor animal oil. It is the lead which is precipi- 
tated on these coloured substances in the state of oxide \ 
for all acids can dissolve it. The simple mixture of 
lime and oxide of lead blackens these 1 substances a 
proof that the salt is easily formed f. 

10. Lime doe's not corhbine with alkalies. 


* Fourcrey, ii. 17&. f Berthollet, Atm , de Ghim, i. 6* 

f Berthollet, Attn . deChim . i. $%* 
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•II. One of the most important uses of lime is the for- Chapin. 
mation of ?nortar as a cement in building. Mortar is Mortar, 
composed of quicklime and sand reduced to a paste with 
water. When dry it becomes as hard as stone, and as 
durable ; and adhering very strongly to the surfaces of 
the stones which it is employed to cement, the whole 
wall becomes in fact nothing else than one single stone. 

But this effect is produced very imperfectly unless the 
•mortar be very well prepared. 

The lime ought to be pure, completely free from 
carbonic acid, and in the state of a very fine powder: 
the sand should be free from clay, and partly in the 
state of fine sand, partly in that of gravel: the water 
should be pure ; and if previously saturated with lime, 
so much the better. The best proportions, according 
to the experiments of Dr Higgins, are three parts of 
fine sand, four parts of coarser sand, one part of quick- 
lime recently slacked, and as little water as possible. 

The stony consistence which mortar acquires is ow- 
ing, partly to the absorption of carbonic acid, but prin- 
cipally to the combination of part of the water with the 
lime. This last circumstance is the reason, that if to 
common mortar one fourth part of lime, reduced to 
powder without being slacked, be added, the mortar 
•when dry acquires much greater solidity than it other- 
wise would do. This was -first proposed by Loriot * 5 
and a number of experiments were afterwards made by 
Morveau f. The proportions which this philosopher 
found to answer best are the following. 

P Jour, dc Pf'ys, iii. 2 3 1, 


f IbuL vi. 311: 
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Fine sand 0*3 

Division' L . 

Cement of well baked bricks.. 0*3 

Slacked lime .. 0*2 

Unslacked lime 0*2 


1-0 

The same advantages may be attained by using as lit* 
water as possible in slacking the lime. This was fii 
pointed out by La Faye *. 

Higgins found that the addition of burnt bones ir 
proved mortar by giving it tenacity, and rendering 
less apt to crack in drying ; but they ought never 
exceed one fourth of the lime employed. 

When a little manganese is added to mortar, it a 
quires this important property of hardening, under w: 
ter; so that it may be employed in constructing tho 
edifices which are constantly exposed to the action 
water. Limestone is found not unfrequently combine 
with manganese ; and in that case it becomes brown l 
calcination, instead of white. These native limeston 
are employed for making water mortar ; but good w: 
ter mortar may be made by the following process, fir 
proposed by Morveau : Mix together four parts of bit 
clay, six parts of black oxide of manganese, and PO par 
of limestone, all in powder. Calcine this mixture 1 
expel the carbonic acid, mix it with 60 parts of $an< 
and form it into mortar with a sufficient quantity c 
water f. 

The best mortar for resisting water is made by mix 
ing with lime puzzollano, a volcanic sand brought fror, 


* Ibid. ir. 437, 4 Ann, de Clin, xxxvii. 259 . 
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Italy. Morveau informs ns that basalt es , which is very 
common in this country, may be substituted for puz- 
zollano. It must be heated in a furnace, thrown while 
red-hot into water, and then passed through a sieve to 
reduce it to the proper size 
12. With respectto the composition of lime, nothing but 
conjecture was known till lately. From the theory of 
Beecher and Stahl, it was the general opinion of chemists 
that the earths and metallic oxides are of a similar na- 
ture. Neuman, in consequence of an experiment of 
Henkel, attempted to obtain a metal from chalk by 
heatingit along with combustible substances ; but his ex- 
periments did not succeed f. The idea, however, was 
not abandoned ; for it was a favourite notion of Lavoisi- 
er that all the earths might be metallic oxides About 
the year 1*790, soon after the publication of Mr Lavoi- 
sier’s book, Mr Tondi and Professor Ruprecht, both of 
Schemnitz, announced that they had obtained from 
barytes, by a strong heat, a metal which they called 
barbonimn , of the colour of iron, and attracted by the 
magnet ; from magnesia another, which they call cms~ 
trnm ; a third from lime, also called austrum ; and a 
fourth from allumina, which they denominated apulum . 
Their method of proceeding was to apply a violent heat 
to the earths, which were surrounded with charcoal in a 
Hessian crucible, and covered with calcined bones in 
powder. But these experiments were soon after repeat- 
ed by Klaproth, Savoresi, and Tihauski ; and these ac- 
curate chemists soon proved that the pretended metals 
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* Ann. de Cbhn. xxxvii. a6%. f Lewis, Neumans Chemistry-, p. IC. 

f Chemistry, p. ax 7. English Tram/. 
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were all of them phosplmrets of won. The iron, by tin 
violence of the heat, had been extracted from the cm 
•cible, and the phosphorus from the bones. 

Still more lately Desormes and Morveau were led t< 
infer from some experiments, that lime is composed o : 
^carbon, azote, and hydrogen, and magnesia of lime an< 
azote *. But the experiments of Dorracq have demon- 
strated that the results obtained by these chemists wer< 
owing to the impurity of the substances on which thej 
operated f. 

Mr Davy’s discovery, that the fixed alkalies are me. 
tallic oxides, naturally led to the conclusion that the al- 
kaline earths which resemble them so closely are simi- 
lar compounds. He accordingly exposed them in va- 
rious states to the action of a galvanic battery., and founc 
reason to conclude that his opinion of their nature wai 
correct, though he found it much more difficult to de, 
compose them and obtain their bases, than it had beer 
to obtain potassium and sodium by similar processes, 
When acted upon under naphtha they were not distinct- 
ly decomposed. When fused with an excess of pot- 
ash, and acted upon in that state, the results were ra- 
ther more distinct, metallic substances appeared less fusi- 
ble than potassium, which burnt the instant after they 
were formed, and produced a mixture of potash and the 
earth employed. When the earths were exposed to the 
action of electricity, mixed with the oxides of mercury, 
tin, lead, or silver, amalgams were produced, which ex- 
hibited properties indicatingunequivocally,thatthey were 
mixtures of the base of the earth employed, and of the 


* Mew. del InsiiL iii. 321. 


f Ann* de Chim. xl. ! ?! ■> 
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base of the metallic oxide mixed with it. But the quanti- 
ty of amalgam obtained was too minute to admit of an 
accurate examination. While Mr Davy was engaged 
in these experiments, he received a letter from Professor 
Berzelius of Stockholm, informing him, that he and Dr 
Pontin had succeeded in decomposing barytes and lime, 
by negatively electrifying mercury in contact with therm 
Mr Davy immediately repeated this happy experiment, 
and succeeded completely in obtaining amalgams of the 
base of the earth employed. 

To procure these amalgams in sufficient quantity for 
distilling off the mercury, and obtaining the base of the 
earth pure, Mr Davy combined his own previous me- 
thod with that of Berzelius and Pontin. The earth was 


Chap. nr. 


slightly moistened, mixed with one third of red oxide 
of mercury, and placed upon a plate of platinum connect- 
ed with the positive end of the battery. A cavity was 
made in the earthy mixture, a globule of about 60 grains 

of mercury put into it, and this globule connected with 
- . * 
the negative end of the battery by a platinum wire. 

The amalgams obtained in this way were distilled in 

glass tubes filled with the vapour of naphtha. The 

greater part of the mercury was easily driven off, but 

it was extremely difficult to separate the whole. The 

globule that remained behind was in all cases white 

like silver, solid, and extremely combustible. When 

exposed to the air it absorbed oxygen, and regenerated 

the earth from which it was obtained in a few minutes. 


The metallic basis of lime Mr Davy has called cal- Calcium 
cium. He did not succeed in investigating its proper- lts ta * e ‘ 
ties. It is white like silver, solid, and probably 4 or 8 
times heavier than water. When heated in the open 
air it burns brilliantly, and quicklime is produced. 
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Neither did Mr Davy succeed in his attempts to ascer 
tain the proportion of the constituents of lime, thougl 
he was satisfied that calcium by absorbing oxygen i 
converted into lime 


SECT. II. 

i 

OF MAGNESIA. 

History About the beginning of the eighteenth century, i 
Roman canon exposed a white powder to sale at Rom 
as a cure for all diseases. This powder he called mag 
nesia alba . He kept the manner of preparing it a pro 
found secret ; but in 1707 Valentini informed the pub 
lip that it might be obtained by calcining the lixiviun 
which remains after the preparation of nitre f ; and tw< 
years after, Slevogt discovered that it might be precipi 
tated by potash from the mother ley J of nitre § Thi 
powder was generally supposed to be lime till Frederi< 
Hoffman observed that it formed very different combi 


* Davy’s Electrochemical Researches on the decomposition of the earths , 
Fhil. Trans. l8o8. 

f De Magnesia Alba. 

| The mother ley is the liquid that remains after as much as possible < 
any salt has been obtained from it. Common salt, for instance, is ol: 
tained by evaporating sea-water. After as much salt has been extracte 
from a quantity of sea-water as will crystallize, there is still a portion < 
liquid remaining. This portion is the mother ley. 

§ D:ss. ds Magnesia Alla. 
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nations with other bodies *. But little’ was known 
concerning its nature, and it was even confounded with 
lime by most chemists, till Dr Black made his celebrated 
experiments on it in 1755. Margraff published a dis- 
sertation on it in 1759 f, and Bergman another in 1775, 
in which he collected the observations of these two 
philosophers, and which he enriched also with many* 
additions of his own Butini of Geneva likewise 
published a valuable dissertation on it in 1779. 

1. As magnesia has never yet been found native in a 
state of purity, it may be prepared in the following man- 
ner : Sulphate op magnesia , a salt composed of this earth 
and sulphuric acid exists in sea- water, and in many 
springs, particularly in some about Epsom ; from which 
circumstance it was formerly called Epsom salt . This 
salt is to be dissolved in water, and half its weight of 
potash added. The magnesia is immediately precipi- 
tated, because potash has a stronger affinity for sulphu- 
ric acid. It is then to be washed with a sufficient quan- 
tity of water, and dried. 

2. Magnesia thus obtained is a very soft white pow- 
der, which has very little taste, and is totally destitute 
of smell. Its specific gravity is about 2*3 $. It con- 
verts delicate vegetable blues (paper, for instance, stain- 
ed with the petals of the mallow) to green. 

It is not melted by the strongest heat which it has 
been possible to apply ; but Mr Darcet observed that, 
in a very high temperature, it became somewhat agglu- 
tinated. When formed into a cake with water, and 


* Ohs. Phys. dim . 1 7 S3, p, 105. and 177. f ®$ntsc. ii. 

I Ibid* l, 36J. § Kir wan’s Miner, i. Si- 
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then exposed to a violent heat, the water is gradually 
driven off, and the magnesia contracts in its dimension ; 
at the same time, as Mr Tingry informs us, it acquires 
the property of shining in the dark when rubbed upon 
a hot iron plate* 

3. It is almost insoluble in water: for, according 
to Mr Kirwan, it requires 7900 times its weight 
of water at the temperature of 60° to dissolve it. It is 
capable, however, of combining with water in a solid 
state, like lime ; for 100 parts of magnesia, thrown 
into water, and thfcn dried, are increased in weight to 
118 parts **. Even when combined with carbonic acid 
(for which it has a strong affinity) it is capable of ab- 
sorbing and retaining times its own weight of water 
without letting go a drop ; but on exposure to the air, 
this water evaporates, though more slowly than it would 
from lime. 

Magnesia has never yet been obtained in a crystal- 
lized form. 

When exposed to the air, it attracts carbonic acid gas 
and water ; but exceedingly slowly. Butini left a quan- 
tity of it for two years in a porcelain cup merely co- 
vered with paper ;• its weight was only increased 
part.' 

4. Magnesia does not combine with oxygen, nor is 
it altered by any of the compounds into which oxygen 
enters. 

• 5. The only one of the simple combustibles with 
which it can be united is sulphur. No person has' hi- 
therto succeeded in forming a phosphuret of magnesia. 


MAGNESIA.- 


In this respect it differs from the other three alkaline 
earths. 

The sulphuret of magnesia may be formed by expo- 
sing a mixture of two parts of magnesia and one part of 
sulphur to a gentle heat in a* crucible* The result is a 
yellow powder,, slightly agglutinated, which emits very 
little sulphureted hydrogen gas when thrown into wa- 
ter. A moderate heat is sufficient to drive off the sul- 
phur 

6^ Magnesia does not combine with azote ; but it 
unites with muriatic 5 acid, and forms a compound cal- 
led muriate of magnesia . 

7. Magnesia has no action upon the metals ; nor 
does it combine, as far as is known at present, with the 
metallic oxides, unless some intermediate substance be 
present. 

8. Magnesia does not combine with the fixed alkalies, 
neither are its properties altered by these bodies : but 
it has a strong propensity to enter into triple compounds 
with ammonia. 

9. Mr Kirwan has shown that there is but little af- 
finity between strontian and magnesia. They do not 
melt when exposed to a strong heat, at least when the 
strontian exceeds or equals the magnesia f.. 

Equal parts of lime and magnesia, mixed together., 
and exposed by Lavoisier to a very violent heat, did not 
melt y neither did they melt when Mr Kirwan placed 
them in the temperature of 150° Wedgewood. The 
following Table,. drawn up by Mr Kirwan from his own 


* Fourcroy, ii. 165. ■ f Irish Trans, v. 346 , 247, 
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v, — v ‘ mixed together in different proportions. 


Proportions. 

Heat. 

Effect. 

80 Lime 
20 Mag. 

150° Wedg. 

Went through the crucible. 

75 Lime 
25 Mag. 

160 

Went through the crucible. 

66 Lime 
33 Mag. 


Went through the crucible. 

20 Lime 
80 Mag. 

165 

Did not melt. 

33 Lime 
66 Mag. 

13S 

Did not melt. 

30 Lime 
10 Mag. 

i 

156 

Melted into a fine greenis 
yellow glass ; but the crucib 
was corroded throughout. 


Magnesia is used only in medicine. It is admi - 
stered internally to remove acidity in the stomach. 
Decomp o- Magnesia, like lime, is a metallic peroxide. ' r 
magnesia ® av 7 succeeded in decomposing it by the same proc ;s 
by which he decomposed the other alkaline eart $. 
When moistened magnesia is exposed to the action )f 
galvanism in contact with mercury, the earth is reduc 3, 
and its base amalgamated with mercury mucli m -e 
slowly than the other alkaline earths ; owing proba y 
to its insolubility in water. The process succeeds m :li 
more ra'pidly when moistened sulphate of magnesi; is 
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sia thus obtained, Mr Davy has given the name of mag* Chap, III^ 
nium . It is a white solid metal, having the appearance 
of silver ; sinks rapidly in water, and of course is con- 
siderably heavier than that liquid. When the amal- 
gam of magnium is distilled in a glass tube filled with, 
the vapour of naphtha, the metal appears to act upon 
the glass before the whole of the mercury is separated 
from it. Of course it is difficult to obtain it in a state 
of purity* When exposed to the air it rapidly absorbs 
oxygen, and is converted into magnesia. It detom- 
poses water, separating the hydrogen, and combining 
with the oxygen ; but not nearly so rapidly as the 
other metals obtained from the alkaline earths ; owing- 
doubtless to the insolubility of the magnesia in water. 

But when the water is acidulated wdth sulphuric acid* 
the decomposition of water and the formation of magne- 
sia goes on with great rapidity * 


SECT. IIL 

OF BARtTES. 

Barytes was discovered by Scheele in 1774; and the History, 
first account of its properties published by him in his 
Dissertation on Manganese f. There is a very heavy 
mineral, most frequently of a flesh colour^ of a foliated 


* Davy’s Eledrcche77ilc.il Researches on the Decomposition of the EaflhcSj 
Poll. Trans. I Sc8- 

f Scheele, i. 61 and 78. french Translation, 
r/rt/ TT XT 
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texture and brittle, very common in Britain and mos£ 
other countries, especially in copper mines. It was 
known by the name oi ponderous spar , and was supposed 
to be a compound of sulphuric acid and lime. Gahn 
analysed this mineral in 1775, and discovered that it is 
composed of sulphuric acid and the new earth discover- 
ed by Scheele * ** Scheele published an account of the 
method of obtaining this earth from ponderous spar +. 
The experiments of these chemists were confirmed by 
Bergman $, who gave the earth the name of terra pon - 
dcrosa . Morveau gave it the name of harote , and Kir- 
wan of barytes § ; which last was approved of by Berg- 
man ||, and is now universally adopted. Different pro- 
cesses for obtaining barytes were published by Scheele, 
Bergman, Wiegleb, and Afswelius; but little addition 
was made to the properties ascertained by the original 
discoverer, till Dr Hope published his experiments in 
1793 ^[. In 1797, our knowledge of its nature was 
still farther extended by the experiments of Pelletier, 
Fourcroy, and Vauquelin 

1. Barytes may be obtained from ponderous spar, or 
sulphate of harytes , as it is now called, by the following 
process, for which we are indebted to Scheele and Vau- 
quelin. Reduce the mineral to a fine powder ; mix it 
with the eighth part of its weight of charcoal powder, 
and keep it for some hours red hot in a crucible, and 
it will be converted into sulphuretof barytes. Dissolve 
the sulphuret in water, and pour nitric acid into the 


* Bergman^ Notes on Scheffer, § 167. 

4 Crcll’s Annals , iii. 3. Eng. Trans. f Opusc. iii. 39 r. 

§ From Bonus', heavy. || Opusc . iv. a6r. 

"5 Edln, Trans . iv. 36. Ann . dc Chin:, xxi. X13 and Zj(u 
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Ablation, and tKe sulphur will be precipitated. The so- in. 

lution, which consists of nitric acid combined with ba- 
rytes, is to be filtered and evaporated slowly till it crys- 
tallizes. Put the crystals int 6 a crucible, and expose 
them gradually to a strong heat ; the nittic acid is dri- 
ven off, and the barytes remains in a state of purity *. 

Another method, attended with less expence, was 
pointed out long ago by Dr Hope, and afterwards im- 
proved by Pelletier. The method is this : Decompose 
the sulphate of barytes by heating it strongly along 
with charcoal powder. The product is to be treated 
with water to dissolve every thing that is soluble ; and 
the liquid, being filtered, is to be mixed with a solution 
of carbonate of soda. A white powder falls. Wash 
this powder, make it up into balls with charcoal, and 
heat it strongly in a crucible. When these balls are 
treated with boiling water, a portion of barytes is dis- 
solved, which crystallizes as the water cools. 

2 . Barytes obtained by the first method is a greyish- properti:' 
white^ porous body, which may be very easily reduced 
to powder* It has a harsh and more caustic taste than 
lime ; and when taken into the stomach provfes a most 
violent poison* It has no perceptible smell* It tinges 
vegetable blues green, and decomposes animal bodies 
like the fixed alkali es* though not with such energy. 

Its specific gravity, according to Fourcroy +, is 4 5 but 
according to Hassenfratz only 2*374$. But there is 
reason to conclude, from the method employed by this 


* When thus prepared, it always contains about 0*08 of carbonate ©f 
ttarytes, and sometimes much more, 
f Fourcroy, ii. *89. 
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^°^ U ) P^il° S0 P^er, that the specific gravities which he assigns* 
*; are all too low. 

When heated it becomes harder, and acquires inter- 
nallj a bluish. green shade. When exposed to the blow- 
pipe on a piece of charcoal, it fuses, bubbles up, and 
runs into globules,, which quickly penetrate the char- 
coal This is probably in consequence of containing 
water, for Lavoisier found barytes not affected by the 
strongest heat which he could produce. 

When exposed to the air, it immediately attracts 
moisture ; in consequence of which it swells, heat is 
evolved, and the. barytes falls to a white powder, just 
- as happens to quicklime when water is sprinkled on itf .. 
After the barytes is thus stacked,, it gradually attracts 
carbonic acid, and loses its acrid properties, its weight- 
being increased 0*22 J. It . cannot therefore be kept 
pure except in close vessels. 

Action of 3. When a. little water is poured upon barytes, it is 
w * £er> slacked like quicklime, but more rapidly,, and with. the 

evolution of more heat. The mass becomes white, and 
swells considerably. If the quantity of water be suffi- 
cient to dilute it completely, the barytes crystallizes in- 
cooling, and assumes the appearance of a stone compo- 
sed of needle- form crystals y but when exposed to the 
air, it gradually attracts carbonic acid, and falls to pow- 
der §. 

Water is capable of dissolving 0*05 parts of its 
weight of barytes. Tills solution,, which is known by 
the name of barytes water r \% limpid and colourless, has 


^' Fourcroy and Vauquelin, Antt, de Cbttn. xxi. 276. 

•fid. ibid. ii. 59. f Mem. de V Instii . ii. 5<v 
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an acrlcl taste, and converts vegetable blues first to a f cha P * IIT * i 
-green, and then destroys them. When exposed to the 
air, its surface is soon covered with a stony crust, con- 
sisting of the barytes Combined with carbonic acid. 

Boiling water* dissolves more than half its weight of 
barytes. As the solution cools, the barytes is deposited 
in crystals ; the shape of which varies according to the 
rapidity with which they have been formed. When 
most regular, they are fiat hexagonal prisms, having 
two broad sides, wkh two. intervening narrow ones, and 
terminated at each end by a four-sided pyramid, which 
in some instances constitutes the . larger part of the crys- 
tal. When formed slowly they are distinct and large ; 
but when the water is saturated with barytes, they are 
deposited rapidly, and are generally more slender and 
delicate. Then, too* they are attached to one another 
in such a manner as to assume a beautiful foliaceous 
appearance, not unlike the leaf of a fern 

These crystals are transparent and colourless, and 
appear to be composed of about 5*3 parts of water and 
47 of barytes. When : exposed to the heat of boiling 
water, they undergo the watery fusion ; that is to say, 
the water which they contain becomes sufficient to keep 
the barytes in solution- A stronger heat makes the wa- 
ter fiy off. When exposed to the air, they .attract car- 
bonic acid, and crumble into dust. They are soluble 
in I7f parts of water at the temperature of 60 ° ; but 
boiling water dissolves any quantity whatever : the 
reason of which is evident ; at that temperature their 
own water of crystallization is sufficient to keep them 
in solution f. 


* Hope- F, din. Tr.i«r. iv. 36. 
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ALKALINE EARTHS* 

4. Barytes undergoes no change from light ; neithei- 
is it capable, as far * as is known, of combining with 
oxygen. 

5- None of the simple combustibles combine with it, 
except sulphur and phosphorus. 

Sulphuret of barytes may be formed by mixing its 
two ingredients together and heating them in a crucible. 
The mixture melts at a red heat, and when cold forms 
a mass of a reddish-yellow colour, without any smell, 
which is sulphuret cf barytes . This sulphuret decom- 
poses water with great rapidity ; sulphureted hydrogen 
is formed, which, combining with the sulphuret, con- 
yerts it into a hydrogureted sulphuret. This change 
takes place whenever the sulphuret is moistened with 
water, or even exposed to the atmosphere. When 
boiling water is poured upon sulphuret of barytes, a 
great quantity qf sulphureted hydrogen is formed al- 
most instantaneously, which combines with the water, 
•and occasions the solution of the sulphuret. When the 
■solution cools, a great number of brilliant white crys- 
tals are deposited, sometimes in the form of needles, 
sometimes in six-sided prisms, and sometimes in hexa- 
gonal plates. These crystals are composed of sulphu- 
reted hydrogen and barytes, and have been called by 
Berthollet, to whom we are indebted for the first accu- 
rate account of them, hydrosulphuret of larytes . The 
liquid which has deposited the hydrosulphuret is of a 
yellow colour, and holds in solution a hydrogureted sul- 
phur et of barytes *. 

Phosphuret of barytes may be formed by putting 
phosphorus and barytes into a glass tube close at one 


# Berthollet, Ann, de Chim. xxv. 233, 
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end, and Seating the tube upon burning coals, as in 
making phosphuret of lime. The combination takes 
place very rapidly. This phosphuret is of a dark brown 
colour, very brilliant, and very fusible* When moisten- 
ed, it exhales the odour of phosphureted hydrogen gas. 
When thrown into water, it is gradually decomposed, 
phosphureted hydrogen gas is emitted, which takes fire 
when it comes to the surface of the water, and the 
phosphorus is gradually converted into phosphoric 
acid *. 

6. Barytes is not acted on by azote ; but it com- 
bines readily with muriatic acid, and forms a compound 
called muriate of barytes . 

7. Barytes has no action on metals ; but it is capable 
of combining with several of the metallic oxides, and 
forming with them compounds which have not hitherto 
been much examined. For instance, if it be poured into 
a solution of silver or lead in nitric acid, it precipitates 
the first brown, and the second white ; but if an excess 
of barytes water be added, the precipitates are redis- 
solved t- 

8. Barytes does not combine with the alkalies. 

9. We are indebted to Bucholz for a set of experi- 
ments on the action of barytes on the other earthy bo- 
dies. Lime does not seem to unite with it. When 
equal quantities of the two earths are heated in a cru- 
cible, a mass is obtained, having some cohesion, but so- 
luble in water J. The phenomena were nearly the 
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sam£ when barytes and magnesia were heated together. 
When the resulting mass was treated with water, the 
barytes dissolved, but took up more of the magnesia*. 

1.0. Barytes, like the other alkaline earths, has been de- 
monstrated by Mr Davy to be a metallic peroxide. To 
the metai which constitutes its base ? the name of laru 
um has been given. Mr J3avy succeeded in obtaining 
this metal, by placing a mixture of barytes and oxide of 
mercury in contact with a globule of mercury, and ex** 
posing ir t •; the action of a galvanic battery. The ba- 
rytes was decomposed^ and its base amalgamated with 
the mercury. The amalgam was then heated in a glass 
tube filled with the vapour of naphtha, to drive off the 
mercury. Barium, thus obtained, is a solid metal of 
the colour of silver, it melts at a temperature below 
redness, and is not volatilized by a heat capable of melt- 
ing plate glass, but at that temperature it acts violently 
upon the glass j probably decomposing the alkali of the 
glass, and converting it into a protoxide. When exposed 
to the air it rapidly tarnishes, absorbs oxygen, and is 
converted into barytes. It sinks rapidly in water, and 
seems to be at least four or five times heavier than that 
liquid. It decomposes water with great rapidity ; hy- 
drogen is emitted, and it is converted into barytes. 
When strongly pressed it becomes flat, and hence ap- 
pears to be both ductile and malleable. The propor- 
tion of oxygen necessary t,p convert barium into barytes, 
has not been ascertained! . 


Bii'Iiolz’s '• eitrage y jij. p. 

+ Davy's /?.•'/ Jrac’.tmcul Researches on Iks Dtcom+oiithn of ike Earths , 
P.6/7. Trans. *3c3„ 
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SECT. IV, 

OF STRONTIAN, 

About the year, 17.07 % mineral was brought to Edin- History 
3hurgh, by a dealer in fossils, from the lead mine of 
Strontian, in Argyleshire, where it is found imbeded 
in the ore, mixed with several other substances. It is 
sometimes transparent and colourless, but generally has 
a tinge of yellow or green. Its hardness is 5. Its spe- 
cific gravity varies from 3*4 to 3*726. Its texture is 
generally fibrous ; and sometimes it is found crystalli- 
zed in slender prismatic columns of various lengths*. 

This mineral was generally considered as a carbonate 
of barytes ; but Dr Crawford having observed some dif- 
ferences between its solution in muriatic acid and that 
• / 

of barytes, mentioned in his treatise on muriate of bary~ 
tes , published in 1190 , that it probably contained a new 
earth, and sent a specimen to Mr Kirwan, that he tjiight 
examine its properties. Dr Hope made a set of expe- 
riments on it in 1 * 791 , which were read to the Royal 
Society of Edinburgh in 1792 , and published in the 
Transactions about the beginning of 1794 . These ex- 
periments demonstrate, that the mineral is a compound 
of carbonic acid, and a peculiar earth, whose properties 


f Hope, Edin. Trans, iv. 44. 
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arc described. To this earth Dr Hope gave the name 
of strontites . Klaproth analysed it also in 1793, and 
drew the same conclusions as Dr Hope, though he was 
ignorant of the experiments of the latter, which remain- 
ed still unpublished . Klaproth’s experiments were pub- 
lished in Crell’s Annals for 1793* * * § and 1794 1- Kirwan 
also discovered the most interesting peculiarities of this 
new earth in 1793, as appears by his letter to Crell, 
though his dissertation on it, which was read to the 
Irish Academy in 1794, was jnot published till 1795. 
Tire experiments of these philosophers were repeated 
and Confirmed in 1797 by Pelletier, Fourcroy,* and 
Vauquelin J, and several of the properties of the earth 
still farther investigated. To the earth thus detected 
Klaproth gave the name of stro?itian , from the place 
where it was first found ; and this name is now gene- 
rally adopted. 

Strontian is found abundantly in different places of 
the world, and always combined with carbonic acid or 
sulphuric acid. 

1 . The carbonic acid may be expelled from the car- 
bonate, and the strontian obtained pure, by mixing the 
mineral with charcoal powder, and exposing it to a heat 
of 140° Wedge wood §5 or by dissolving the mineral in 
nitric acid, evaporating the solution till it crystallizes, 
and exposing the crystals in a crucible to a red heat till 
the nitric acid is driven off. Strontiar* may obtained 


* Vol. 11.189. 

f Vol. i. 99. See also Klaproth’s Beitrage , L 2,60. and Jour, do M:r . . 
No- v. p. 6r. 

| Ann.de Cbm. xxi. 113. and 276. Jour, de Min. An. vj\ 3. 

§ Kirwan. 
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from the sulphate by following exactly the process de- Chap, ht. ^ 
scribed in the last Section for obtaining barytes. 

2. Strontian, thus obtained, is in porous masses, of a Properties, 
greyish white colour ; its taste is acrid and alkaline ; 
and it converts vegetable blues to green. Its specific 
gravity, according to Hassenfratz, is 1*647 *. It does 
not act so strongly on animal bodies as barytes, nor is 
it poisonous +. 

It does not melt when heated, like barytes ; but be- 
fore the blowpipe it is penetrated with light, and sur- 
rounded with a flame so white and brilliant that the eye 
can scarcely behold it J. 

3p When water is sprinkled on strontian it is slacked. Action of 
becomes hot, and falls to powder exactly like barytes ; water * 
but it is not so soluble in water as that earth. One 
hundred and sixty-two parts of water, at the tempera- 
ture of 60°, dissolve nearly one part of strontian. The 
solution, known by the name of strontian water, is clear 
and transparent, and converts vegetable blues to a green. 

Hot water dissolves it in much larger quantities ; and 
as it cools, the strontian is deposited in colourless trans- 
parent crystals. These are in the form of thin qua- 
drangular plates, generally parallelograms, the largest 
of which seldom exceeds one-fourth ot an inch in length. 
Sometimes their edges are plain, but they oftener con- 
sist of two facets, meeting together, and forming an 
angle like the roof of a house. These crystals general- 
ly adhere to each other in such a manner as to form a 
thin plate of an inch or more in length and half an inch 


# Ann . de Chim . sxviii. IX. 
} Fonrcroy, ii. 227. 


f Pelletier, Ibid, xxl 120. 
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in breadth. Sometimes they assume a cubic form* 
They contain about 68 parts in 100 of water. They 
are soluble in 51*4 parts of water at the temperature 
of 60 °. Boiling water dissolves nearly half its weight 
of them- When exposed to the air, they lose their wa- 
ter, attract carbonic acid, and fall into powder Their 
specific gravity is 1*46 f. 

4. Strontian is not acted on by light ; neither does it 
combine with oxygen. 

6. Sulphur and phosphorus are the only simple com- 
bustibles with which it unites J. 

The sulphuret of strontian may be made by fusing 
the two ingredients in a crucible. It is soluble in* wa- 
ter by means of sulphurated hydrogen, which is evol- 
ved. When the solution is evaporated, hydro sulphuret 
of strontian is obtained in crystals} and hydrogureted 
sulphuret remains in solution. These three compounds 
resemble almost exactly the sulphuret, bydrosulphuret, 
and hydrogureted sulphuret of barytes 5 and do not 
therefore require a particular description. The same 
remark applies to the phosphuret of strontian, which 
may be prepared by the same process as the phosphu- 
ret of barytes §. 

6. Strontian does not combine with azote ; but it 
unites readily with muriatic acid, and forms the sub- 
stance called muriate of strontian. 

7. Strontian has no action upon metals } but it com- 
bines with several of their oxides, and forms compounds 
which have not hitherto been examined. 


* Hope, Edin, Trans* iv, 44. f Hassaifratz, Ann. dc C&iw. xxviii. rr. 
1 Yauquelin, Jour . dt Min. An. vi. 17. $■ Ibid- 
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8'. It does not combine with alkalies nor with bary- 
tes, No precipitation takes place when barytes and 
strontian water are mixed together* * * § . 

9. Strontian has the property of tinging flame of a 
beautiful red, or rather purple colour ; a property dis- 
covered by Dr Ash in 1787. The experiment may be 
made by putting a little of the salt composed of nitric 
acid and strontian into the wick of a lighted candle f; 
or by setting fire to alcohol*, holding muriate of strontian 
in solution. In both cases the flame is of a lively purple* 
In this respect it differs from barytes, which when tried 
in the same xvay is found to communicate a bluish yel- 
low tinge to the flame $. 

Barytes and strontian resemble each other in their 
properties as closely as potash and soda : hence, like 
these' two alkalies, they were for some time confound- 
ed. It is in their combination with acids that the most 
striking differences between these two earths are to be 
observed. 

Sirontian, like the other alkaline earths,, has been de- 
composed by Mr Davy, and by a similar process. The 
metallic bases of it has been called strontiu?n . It is 
white, solid, much heavier than water, and bears a close 
resemblance to barium in its properties* When expo- 
sed to the air, or when thrown into water, it rapidly 
absorbs oxygen, and is converted into strontian 
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* Morveau, Ann. de Chin:. xxxi. 051. 

1 Vauquelin, Jour . de Min. An. vi. 10 . 

Pelletier, Ann. de G&im . xxi. 137. 

§ Davy’s Electrochemical Researches into the Decomposition of the Earth \ 
Sftf. RIAL Trans. l8c£. 
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OF THE EARTHS PROPER* 


The Earths proper are distinguished from the alka* 
line by neither producing any change on vegetable blues 
nor neutralizing acids. Indeed some of them scarcely 
unite to these bodies. The earths proper are five in 
number; namely, 

Alumina, 

Yttrza, 

Glucina, 

ZlRCONIA, 

Silica. 

We shall examine their properties in the following 
Sections. 


SECT. I. 

OF ALUMINA. 

History. Alum is a salt which was well known to the ancients, 
and employed by them in dyeing, but they were igno~ 
rant of its component parts. The ale' * v ~:tsts discovered 
that it is composed of sulphuric acid and an earth ; but 



ALUMINA* 


the nature of this earth was long unknown. Stahl and 
Neuman supposed it to be lime; but in 1727 Geof- 
froy junior proved this to be a mistake, and demonstra- 
ted, that the earth of alum constitutes a part of clay *. 
In 1754, MargrafF showed that the basis'of alum is an 
earth of a peculiar nature, different from every other ; 
an earth which is an essential ingredient in clays, and 
gives them their peculiar properties f . Hence this earth 
was called argil ; but Morveau afterwards gave it the 
name of alumina, because it is obtained in the state 
of greatest purity from alum. The properties of alu- 
mina were still farther examined by Macquer in 1758 
and 1762 J, by Bergman in 1767 and 1771 1|, and by 
Scheele in 1776 § ; not to mention several other che- 
mists who have contributed to the complete investiga- 
tion of this earth. A very ingenious treatise on it was 
published by Saussure junior in 1801 <[[. 

1. Alumina may be obtained by the following process: 
Dissolve alum in water, and add to the solution ammo- 
nia as long as any precipitate is formed. Decant off 
the fluid part, and wash the precipitate in a large quan- 
tity of water, and then allow it to dry. The substance 
thus obtained is alumina ; not however in a state of ab- 
solute purity, for it still retains a portion of the sulphu- 
ric acid with which it was combined in the alum. But 
it may be rendered tolerably pure by dissolving the 
newly precipitated earth in muriatic acid, evaporation 
the solution till a drop of it in cooling deposits small 
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crystals, setting it by to crystalline, separating the crys- 
tals, concentrating the liquid a second time, and sepa- 
rating the crystals which are again deposited. By this 
process most of the alum which the earth retained will 
be separated in crystals. If the liquid be now mixed 
with ammonia as long as any precipitate appears, this' 
precipitate, washed and dried, will be alumina nearly 
pure *. 

The earth thus obtained assumes twm very different 
appearances according to the way in which the precipi- 
tation has been conducted. If the earthy salt be dis- 
solved in as little water as possible, the alumina has the 
appearance of a white earth, light, friable, very spongy, 
and attaching itself strongly to the tongue. In this 
state SausSure distinguishes it by the name of spongy 
alumina . 

But if the salt has been dissolved in a great quantity 
of water, the alumina is obtained in a brittle transpa- 
rent yellow-coloured mass, splitting in pieces like roll 
sulphur when held in the hand. Its fracture is smooth 
and conchoidal ; it does not adhere to the tongue, and 
has not the common appearance of an earthy body. In 
this state Saussure gives it the name of gelatinous alu- 
mina *1*. 

2. Alumina has little taste : when pure, it has no 
smell; but if it contains oxide of iron, which it often 
does, it emits a peculiar smell when breathed upon, 
known by the name of earthy s?nell%. This smell is 
very perceptible in common clays. The specific gravi- 
ty of alumina is 2*0 0 |[. 


^ Accum s Chemistry , ii. i P o. f Jour . de j Phys. lii. 9QO. 
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3. When heat is applied to alumina it gradually loses 
weight, in consequence of the evaporation of a quantity 
of water with which, in its usual state, it is combined ; 
at the same time its bulk is considerably diminished. 
The spongy alumina parts with its moisture very readi- 
ly, but the gelatinous retains it very strongly. Spongy 
alumina, when exposed to a red heat, loses 0*58 parts 
of its weight; gelatinous, only 0*43 : Spongy alumina 
loses no more than 0*58 when exposed to a heat of 
130° Wedgewood; gelatinous in the same temperature 
loses but 0*4825. Yet Saussure has shown that both 
species, after being dried in the temperature of 60°, 
contain equal proportions of water *. 

Alumina undergoes a diminution of bulk proportion- 
al to the heat to which it is exposed. This contraction 
seems owing, in low temperatures, to the loss of mois- 
ture : but in high temperatures it must be owing to a 
more intimate -combination of the earthy particles with 
each other ; for it loses no perceptible weight in any 
temperature, however high, after being exposed to a heat 
of 130° Wedgewood f % 

Mr Wedgewood took advantage of this property of 
alumina, and by means of it constructed an instrument 
for measuring high degrees of heat. It consists of 
pieces of clay of a determinate size, and an apparatus 
for measuring their bulk with accuracy : One of these 
pieces is put into the fire, and the temperature is esti- 
mated by the contraction of the piece J. The contrac- 
tion of the clay-pieces is measured by means of two 


your- de Phys • Hi. 287 * f lbkh 

% See a particular description of this thermometer in Phil* Trans . Ixih 
and lxiv. 
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Division L at one extremity is 0*5 inch, and at the other ex- 

tremity 0*3 inch, and the rales are exactly 24*0 inches 
in length, and divided into 240 equal parts, called de- 
grees. These degrees commence at the widest end of 
the scale. The first of them indicates a red heat, or 
947° Fahrenheit. The clay-pieces are small cylinders, 
baked in a red heat, and made so as to fit 1° of the scale. 
They are not composed of pure alumina, but of a fine 
white clay. 

Unfortunately the contraction of these pieces is not 
always proportional to the degree of heat to which they 
have been exposed, nor do they correspond exactly with 
each other. The instrument, notwithstanding, is cer- 
tainly valuable, and has contributed considerably to- 
wards the extension of our knowledge. 

Alumina, when exposed to a very violent heat, pro- 
duced by directing a stream of oxygen gas upon burn- 
ing charcoal, undergoes a commencement of fusion, and 
is converted into a white enamel, semitransparent, and 
excessively hard *. If we put any confidence in the 
calculation of Saussure, the temperature necessary for 
producing this effect is as high as 1515° Wedge- 
wood f. 

Action; of Alumina is scarcely soluble in water, but may 

water. be diffused through that liquid with great facility. Its 
affinity for water, however, is very considerable. In 
its usual state it is combined with more than its own 
weight of water, and we have seen with what obstinacy 


* Morveau,*./W. de VEcdc EolyUchnique , L iii. 399. 
f Jour- do Fhyi. 3794, 
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it retains it. Even this combination of aluriiina and 
water is capable, in its usual state of drynes, of absorb- 
ing 2f times its weight of water, without suffering any 
to drop out. It retains this water more obstinately 
than any of the earths hitherto described. In a freezing 
cold it contracts more, and parts with more of its watery 
than any other earth ; a circumstance which is of some 
importance in agriculture *. 

Alumina has no effect upon vegetable blues. It can- 
not be crystallized artificially ; but it is found native in 
beautiful transparent crystals, exceedingly hard, and 
having a specific gravity of 4. It is distinguished in 
this state by the name of sapphyr . 

5. Alumina, as far as is known at present, is not af- 
fected by light, neither does it combine with oxygen. 

6. None of the simple combustibles are capable of 
uniting with it. Charcoal indeed combines with it* and 
forms a black compound f, which is frequently found 
native. 

7. It is not acted on by azote ; but muriatic acid 
dissolves it, and forms with it an uncry stallizable com- 
pound, called muriate of alumina. 

8. It does not combine with metals; but it has a 
strong affinity for metallic oxides, especially for those 
oxides which contain a maximum of oxygen. Some of 
these compounds are found native* Thus, the combi- 
nation of alumina and red oxide of iron often occurs in 
the form of a yellow powder, which is employed as a 
paint, and distinguished by the name of ochre . 

9. There is a strong affinity between the fixed alkalies 


Chap. IV. 

y- 


Action o£ 
oxygen. 


Combu$ti« 

bles. 


Incomb U£* 
tibles, 


Metals 


Alkali#*, 


I Nicholson’s Journal f ii, I ox. 
F o 


* Kirwan’s Miner, i. 



84 


EARTHS PROPER* 


Book II. 
{Division I. 


Barytes and 
strontian, 


Limes 


and alumina. When heated together, they combine and 
form a loose mass without any transparency. Liquid 
fixed alkali dissolves alumina by the assistance of heat, 
and retains it in solution. The alumina is precipitated 
again unaltered, by dropping an acid into the solu- 
tion. This is the method employed by chemists to pro- 
cure alumina in a state of complete purity 5 for alumi- 
na, unless it be dissolved in alkali, almost always re- 
tains a little oxide of iron and some acid, which disguise 
its properties. Liquid ammonia is also capable of dis- 
solving a very minute proportion of newly precipitated 
alumina. 

10. Barytes and strontian also combine with alumina* 
both when heated with it in a crucible, and when boil- 
ed with it in water. The result, in the first case, is a 
greenish or bluish-coloured mass, cohering but imper- 
fectly : in the second, two compounds are formed 5 the 
first, containing an excess of alumina, remains in the 
state of an insoluble powder; the other, containing an 
excess of barytes or strontian, is held in solution by the 
water *. 

Alumina has a strong affinity for lime, and readily 
enters with it into fusion. The effect of heat on various 
mixtures of lime and alumina will appear from the fob 
lowing Table f . 


* Vauqtielin, Ann, Je. Ckim . xxix, 270. Sec also Bucholz’s BAtragc* ill 
58 . 

f Kirwan a L6j, 



Proportions, 


Heat. 


Effect. 



75 Alumina 


2 0 Lime 
80 Alumina 



Not melted. 

. 

Remaineda powder. 
Melted. 

Melted. 

Melted* 


Magnesia and alumina have no action whatever on Magnesia, 
♦each other, even when exposed to a heat of 150° Wedge- 
wood f. 

From the experiments of A chard, it appears, that no 
mixture of lime, magnesia, and alumina, in which the 
lime predominates, is vitriiiable, except they be nearly 
in the proportions of three parts lime, two magnesia, 
one alumina j that no mixture in which magnesia pre- 
dominates will melt in a heat below 166 ° that mix- 
tures in which the alumina exceeds are generally fusi- 
ble, as will appear from the following Table 


* These three experiments were made by Ehiman : The heat war. 
produced by directing a stream of oxygen gas on burning charcoal, and 
is the most intense which it has been hitherto possible to produce, 
f Kirwan’s Mimr. i, 57. thud, p. 72. 
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3 Alumina 

2 Lime 

1 Magnesia 

A porcelain. 

3 Alumina 

1 Lime 

2 Magnesia 

A porcelain. 

3 Alumi a 

1 Lime 

3 Magnesia 

. 

Porous porcelain. 

Alumina 

2 Lime 
Magnes : i 

Porous porcelain. 

3 Alumina 
:J Lime 
■> Magnesia 

Porcelain. 


None of the earths is of more importance to mankind 
than alumina ; it forms the basis of china and stone- 
ware of all kinds, and of the crucibles and pots em- 
ployed in all those manufactures which require a strong 
heat. It is absolutely necessary to the dyer and calico- 
printer, and is employed too with the greatest advan- 
tage by the fuller and cleaner of cloth. 

Composi- That alumina might be a metallic oxide was support- 
aiina? f aIU " ec * man y years ago by Baron, from the resemblance be- 
tween alum and the saltswhich sulphuric acid makes with 
metallic oxides. Tondi and Ruprecht announced about 
1790, that they had decomposed it, and gave to the metal 
which they obtained from it the name of apuhim . But 
Klaproth, Savoresi, and Tihauski demonstrated, that 
this pretended metal was only phospliuret of iron. Mr 
Davy’s discovery, that the alkalies and alkaline earths 
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ate metallic oxides, naturally led to the notion that the t cha P - 
earths proper are of the same nature. Accordingly he 
made a number of experiments on the subject, and has 
rendered the opinion probable, though he has not been 
able to demonstrate it in so satisfactory a manner as could 
have been wished. When a mixture of potash and alu- 
mina, in a state of fusion in a platinum crucible, in contact 
with the positive end of a galvanic battery, is touched by 
a platinum wire from the negative extremity, a bright 
combustion takes place, and metallic globules separate 
and burn brilliantly on the surface. The platinum, 
when taken out and freed from the alkali, is surrounded 
with metallic scales, which burn spontaneously when 
exposed to the air, and which decompose water with 
great rapidity, producing potash and an earthy matter, 
which was probably alumina. Potassium, amalgama- 
ted with about one third of mercury, was electrified 
under naphtha in contact with alumina slightly moist- 
ened. After an hour the potassium was made to de- 
compose water, and the alkali formed neutralized. A 
cloudiness appeared, indicating the presence of an earthy 
substance. Such were the most sucessful experiments 
that Mr Davy was able to make in his attempts to de- 
compose alumina and reduce it to the state of a metal. 
Supposing that a metallic base can be successfully ex- 
tracted from it, he proposes to give that metal the name 
of alumium *. 


* Davy’s Electrochemical Researches 071 the decomposition of the earths , Itfc* 
Fill. Trans . 1808. 
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OF YTTRIA, 

History. Some tioic before 1788, Captain Arhjenius discovered^ 
in the quarry pf Ytterby in Sweden, a peculiar mineral 
different from all those described by mineralogists. It$ 
colour is greenish black, and its fyacture like that of 
glass. It is magnetic, and generally too hard to be 
scratched by a knife. It is qpaque, except in small pie- 
ces, when it transmits some yellow rays. Its specific 
gravity is 4*237 *. A description pf it was published 
by Geyer in 1788 in Crell’s Annals, and by EJnman in 
his Miner’s Lexicon. Professor Gadolin analysed this 
mineral in 1794, and found it to contain a new earth ; 
but though his analysis was published in the Stockholm 
Transactions for 1794, and in Crell’s Annals for J796, 
it was sometime before it drew the attention of che- 
mical mineralogists. The conclusions of Gadolin were 
confirmed by Ekeberg in 1797, who gave to the new 
earth the name of yttria f. They were still farther 
confirmed and extended by Vauqudin in 1800 J, and 
likewise by Klaproth about the same time || ; and Eke- 


f Gadolin, CrcU’s Annals , 1706, 1. 313. — Vatiquelln, Ann . de Cbm. 
ptxxvl. 146. — Klaproth’s Bait rage, ill. 58. 
f Crell’s Annals , 1799, h. 63. 

|i Ibid, xxxvii. 26 . and BAfragr, iii. 


f Ann. de Chm. xxxvh 1 43. 
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berg has published a new dissertation on the subject in 
the Swedish Transactions for 1802 *. We may there- 
fore consider the peculiar nature ofyttria as sufficiently 
established. 

1. Hitherto yttria has been found only in the black 
mineral first analysed by Gadolin, and hence called Ga- 
dolinite, in which it is combined with black oxide of 
iron and the earth called silica ; and in yttrotantalite, 
which from the description of Ekeberg is a compound 
of tantalum and. yttria. Both of these minerals occur 
only in the quarry of Ytterby. .From the first, which is 
the most common, the earth may be procured by treat- 
ing the mineral reduced to powder with a mixture of 
nitric and muriatic acids, till it is completely decompo- 
sed ; then filtering the solution, previously evaporated 
nearly to dryness, and then diluting it with water. By 
this process the silica is left behind. The liquid which, 
passes through the filter is to be evaporated to dryness, 
and the residue heated to redness fof a considerable 
time in a close vessel, and then redissolved in water and 
filtered. What passes through the filter is colourless ; 
when treated with ammonia, pure yttria falls. 

. 2. Yttria thus procured has the appearance of a fine 

white powder, and has neither taste nor smell. It is not 
melted by the application of heat. It has no action on 
vegetable blues. It is much heavier than any of the 
qther earths; its specific gravity, according to Ekeberg, 
being no less than 4*842. 

It is insoluble in water; yet it is capable of retaining 
a great proportion of that liquid, as is the case with 
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♦ dc Cbm . iii. 78. 



EARTHS PROPER. 


9Xk 


I I. 

Division I. 


Composi- 

tion. 


alumina* Klaproth ascertained, that 100 parts of yt- 
tria, precipitated from muriatic acid by ammonia, and 
dried in a low temperature, lose 31 parts, or almost a 
third of their weight, when heated to redness in a cru- 
cible. Now this loss consists of pure water alone. 

It is hot soluble in pure alkalies; but it dissolves 
readily in carbonate of ammonia, and in all the other al- 
kaline carbonates. It : combines with acids, and forms 
with them salts which have a sweet taste, and at the 
same time a certain degree of austerity. Some of these 
salts have a red colour. , Yttriais the only earthy body 
known which has the pr operty of forming coloured salts 
with, acids. 

Yttria is not altered by light, nor is it likely that 
It: combines with oxygen. From the experiments of 
JUaproth, it does not appear to combine readily with 
iuipbur ; nor is it likely that it . unites with any of the 
other simple combustibles. 

We may take it for granted that it is not affected by 
azote ; but it combines with muriatic acid, and forms 
a salt not capable of crystallising. Its action on the 
metals and metallic oxides is unknown* 

No attempts have been made to decompose yttria. 
But from analogy there can be little doubt that, like the 
Other earths, it is in reality a metallic peroxide. The 
experiments of Ekeberg, if correct, naay ^)e considered 
as a demonstration of the truth of this opinion- Whep 
he treated yttria with muriatic acid, oxymuriatic acid is 
said to have been evolved* 
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Chap. IV. 


SECT. III. 

0 ]F GLUCINA, 

The beryl is a transparent stone, of a green colour* History 
and a considerable degree of hardness, which is found 
crystallized in the mountains of Siberia, and in many 
other parts. Vauquelin analysed this mineral in 1798, 
at the request of Hauy, to determine whether it was 
formed of the same ingredients with the emerald, as 
Hauy had conjectured from mineralogical consider- 
ations. The result of the analysis was a confirmation 
of the suspicions of Hauy, and the discovery of a new 
earth, to which Vauquelin and his associates gave the 
name of glucina *. The experiments of Vauquelin have 
been repeated by Klaproth + and other eminent che- 
mists* 

1. To obtain glucina pure, the beryl or the emerald, Prepara- 
xeduced to powder, is to be fused with thrice its weight tlon ' 
of potash. The mass is to be diluted with water, dis- 
solved in muriatic acid, and the solution evaporated to 
dryness. The residuum is to be mixed with a great 
quantity of water, and the whole thrown on a filter. 

The silica, which constitutes more than half the weight 
of the stone, remains behind ; but the glucina and the 
other earths, being combined with muriatic acid, remain 


* Am- dcChim . xxvi. 155. 


f Beitrage f iii 0 315. 
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Boole II. in solution. Precipitate them by means of carbonate of 
V _J potash. Wash the precipitate, and then dissolve it in 
sulphuric acid. Add to the solution sulphate of potash ; 
evaporate it to the proper consistency, and set it by to 
crystallize. Alum crystals gradually form. When as 
many of these as possible have been obtained, pour in- 
to the liquid carbonate of ammonia in excess, then filter, 
and boil the liquid for some time. A white powder * 
gradually appears, which is glucina . 

Properties. , 2. Glucina, thus obtained, is a soft light white pow- 
der, without either taste or smell ; which has the pro- 
perty of adhering, strongly to the tongue. It. has no ac- 
tion, on vegetable colours. It, is altogether infusible by 
heat ; neither does it harden or contract in its dimen- 
sions, as is the case with alumina. Its specific gravity 
is 2*91(5 *. 

It is insoluble in water, but forms with a small quan- 
tity of that liquid a paste which has a certain degree of 
ductility. 

- 3.. It does not combine with oxygen nor with any of 
the simple combustibles ; but sulphureted hydrogen dis- 
solves it, and forms with it a hydrosulphuret, similar 
to other bydrosulphurets in its properties f. 

4. Azote has no action on it ; but muriatic acid dis- 
solves it, and forms with it a sweet-tasted salt, called 
, muriate of glucina . 

, 5. Glucina is soluble in the liquid fixed alkalies, im 
which it agrees with alumina. It is insoluble in am- 
monia, but soluble in carbonate of ammonia, in which 


$ JE Iceberg, Ann, Chlm, :< liii. 277. 


f Fourcrey, ii. T59, 
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respect it agrees with yttria ; but it is about five times 
more soluble in carbonate of ammonia than that earth. 

It combines with all the acids, and forms wifh them 
sweet-tasted salts *, as is the case also with yttria. 

Mr Davy tried to decompose glucina by the same 
means as have been related in the first section of this 
Chapter with respect to alumina. The effect was the 
same. We have reason therefore to believe that it is a 
metallic peroxide. Mr Davy proposes to call its base 
glucium . 


SECT. IV. 

OF ZIRCONIA. 

Among the precious stones which come from the island history* 
of Ceylon, there is one called jargon or zircon , which is 
possessed of the following properties. 

Its colour is various ; grey, greenish- white, yellow- 
ish, reddish-brown, and violet.. It is often crystallized, 
either in right angular quadrangular prisms surmount- 
ed with pyramids, or octahedrons consisting of double 
quadrangular pyramids. It has generally a good deal 
of lustre, at least internally. It is mostly semitranspa- 
rent. Its hardness is from 10 to 16: Its specific gra- 
vity from 4*416 to 4*7 t* 

It loses scarcely any of its weight in a melting heat *, 



* Hence the name glucina , from ykvY.o<; l sweet, 
f Kirwan’s Miner, i. 333. 
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Bo°k It for Klaproth, who analysed it in 1789, found that 300 

Division E . . . 

4 — ■ v ' grams, after remaining in it for an hour and a half, were 

only one-fourth of a grain lighter than at first *. Nei- 
ther was it attacked either by muriatic or sulphuric 
acid, even when assisted by heat. At last, by calcining 
it with a large quantity of soda, he dissolved it in mu. 
riatic acid, and found that 100 parts of it contained 31*5* 
of silica, 0*5 of a mixture of nickel and iron, and 68 of 
a new earth, possessed of peculiar properties, which has 
received th6 name of %irconia , from the mineral in which 
it was detected. Owing probably to the scarcity of the 
zircon, nobody attempted to repeat the analysis of Kla- 
proth, or to verify his discovery. In 1795 he publish- 
ed his analysis of the hyacinth , another mineral from 
the same island, in which he also detected a large pro. 
portion of zirconia, expressing his hopes that it would 
induce chemists to turn their attention to the subject +. 
This analysis induced Guyton Morveau, in 1796, to ex- 
amine the hyacinths of Expailly in France* They pro- 
ved similar to the hyacinths of Ceylon, and contained 
the proportion of zirconia indicated by Klaproth J. 
These experiments were soon after repeated, and the 
nature of the new earth still further examined by 
Vauquelin §. 

Prepara- Zirconia has hitherto been found only in the zir- 
tion. 

con and hyacinth. It may be obtained pure by the fol- 
lowing process : Reduce the mineral to powder, mix it 
with thrice its weight of potash, and fuse it in a cru- 
cible. Wash the mass in pure water till the whole of 


* Jour, de P/jys. xxxvi. 180. 
J Ann. dc Cbtm . xxi. 


f Beiiragey i. $3 1" 
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the potash Is extracted ; then dissolve the residuum as Chap. iv. 
far as possible in diluted muriatic acid. Boil the solu- 
tion to precipitate any silica which may have been dis- 
solved 5 then filter, and add a quantity of potash. The 
zirconia precipitates in the state of a fine powder. 

2. Zirconia, thus prepared, has the form of a fine Properties, 
white powder, which feels somewhat harsh when rub- 
bed between the fingers. It has neither taste nor odour. 

It is infusible before the blowpipe ; but when heated 
violently in a charcoal crucible, it undergoes a kind of 
imperfect fusion, acquires a grey colour, and something 
of the appearance of porcelain. In this state it is very 
hard, its specific gravity is 4 4 3 , and it is no longer so-* 
luble in acids. 

Zirconia is insoluble in water ; but it has a consider- 
able affinity for that liquid. When dried slowly, after 
being precipitated from a solution, it retains about the 
third of its weight of water, and assumes a yellow co- 
lour, and a certain degree of transparency, which gives 
it a great resemblance to gum arab’c *. 

3. It dqds not combine with oxygen, simple combus- 
tibles, azote, nor metals; but it has a strong affinity for 
several metallic oxides, especially for oxide of iron, 
from which it is very difficult to separate it. 

It is insoluble in liquid alkalies, neither can it be fu- 
sed along with them by means of heat; but it is soluble 
’ in alkaline carbonates. 

4. Scarcely any experiments have been made to ascer- 
tain its affinity for the different earths. It is known, 
however, that a mixture of alumina and zirconia is ca- 
pable of fusion. 


** Vauqudin, Ann. de Cb'm . xxii. 
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Division l. . . 

v t which have a peculiar astringent taste, and are many 

of them insoluble in water. 

This earth has not hitherto been applied to any use. 
Its scarcity, and the difficulty of procuring it in a state 
of purity, exclude it at present from any chance of be- 
ing employed for the purposes of domestic economy. 

Compos!- The same attempts were made by Mr Davy to de- 
compose zirconia as those made upon alumina and glu- 
cina, and with similar results. The metallic base he 
proposes to call zirconium . 


SECT. V. 

OF SILICA. 

History. There is a very hard white stone, known by the name 
of quartz, very common in almost every part of the 
world. Sometimes it is transparent and crystallized, 
and then is called rock crystal . Very frequently it is 

in the form of sand. As this stone, and several others' 
which resemble it, as flint, agate, calcedony, &c. have 
the property of melting into a glass when heated along* 
with fixed alkali, they were classed together by mine- 
ralogists under the name of vitrifiable stones . Mr Pott, 
who first described their properties in 1746, gave them 
the name of siliceous sto?zes, on the supposition thajt they 
were all chiefly composed of a peculiar earth called sili- 
, ceous earth or silica. This earth was kno\^n to Glau- 
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bef, who describes the method of obtaining it : but ft 
was long before its properties were accurately ascertain- 
ed. Geoffrey * endeavoured to prove that it might be 
converted into lime, and Pott f and Baume J that it 
might be converted into alumina : but these assertions 
were refuted by Cartheuser §; Scheele Jf, and Bergman' < [[. 
To this last chemist we are indebted for the first accu- 
rate detail of th'e properties of silica 

1 Silica may be obtained pure by the following pro- 
cess : Mix together, in a crucible, one part of pounded 
flint or quartz, and three parts of potash, and apply a 
heat sufficient to melt the mixture completely. Dis- 
solve the mass formed in water, saturate the potash 
with muriatic acid, and evaporate to dryness. Towards 
the end of the evaporation the liquid assumes the form 
of a jeily ; and when ail the moisture is evaporated, a 
white mass remains behind. This mass is to be wash- 
ed in a large quantity of water and dried ; it is then si- 
lica in a state of purity. 

2- Silica, thus obtained, is a fine white powder, with- 
out either taste or sratlL Its particles have a harsh feel, 
as if they consisted of very minute grains of sand. Its 
specific gravity is 2 ‘66 +f. 

It may be suhj.ee >ed to a very violent heat without un- 
dergoing any change* Lavoisier and Morveau exposed 
it to the action of a fire maintained by oxygen gas 1 
without any alteration 1J. Saussure indeed has sue- 
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* Mem. Prr. 1746, p. 2 % 6 . f Litbogn. p. 3, Prxf. 

f Man. de Chyme § Miner Abb ; 

}| ScMeel*;, i. 191 . 

Svr tes erres ieoponiques, 1773, Op use. v. 59, 

Up use ’u 26 ff Kirwari’s Mirt. i. ioi> 

deV Ecole Polytechn. 1 . iii. a<J 9 * 

Vol. II, G 
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ceeded in fusing, b y means of the blowpipe, a portioii 
of it so extremely minute as scarcely to be perceptible 
without a glass. According to the calculation of this 
philosopher, the temperature necessary for producing 
this effect is equal to 4043° Wedgewood- 

3. It is insoluble in water except when newly preci- 
pitated, and then one part of it is soluble in 1000 parts- 
of water *. It has no effect on vegetable colours. 

It is capable of absorbing about one-fourth of its 
weight of water, without letting any drop from it ; but 
on exposure to the air, the water evaporates very rea- 
dily f. When precipitated from potash by means of 
muriatic acid and slow evaporation, it retains a consi- 
derable portion of water, and forms with it a transpa- 
rent jelly but the moisture gradually evaporates on 
exposure to the air. 

Silica may be formed into a paste with a small quan- 
tity of water ; this paste has not the smallest ductility*, 
and when dried forms a loose, friable, and incoherent 
mass J, 

Silica is capable of assuming a crystalline form* 
Crystals of it are found in many parts of the world.. 
They are known by the name of rock crystal . When 
pure they are transparent and colourless like glass: 
they assume various forms ; the most usual is a hexa- 
gonal prism, surmounted with hexagonal pyramids on 
one or both ends, the angles of the prism correspond* 
ing with those of the pyramids. Their hardnes is ve- 
ry great,, amounting to 11. Their specific gravity is* 
2-653 ||. 


* Kirwan’s Min. i. io. 
!l Kirwan’s Min. I %4%. 


f Ibid. 


t Scheelc. 
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There are two methods of imitating these crystals 
fey art* The first method was discovered by Bergman. 
He dissolved silica in fluoric acid, and allowed the solu- 
tion to remain undisturbed for two years. A number 
of crystals were then found at the bottom of the vessel, 
mostly of irregular figures, but some of them cubes 
with their angles truncated * They were hard, but not 
to be compared in this respect with rock crystal *. 

The other method was discovered by accident. Pro- 
fessor Seigling of Erfurt had prepared a liquor silicum^ 
which was triore than usually diluted with water, and 
contained a superabundance of alkali. It lay undis- 
turbed for eight years in a glass vessel, the mouth of 
which was only covered with paper. Happening to 
look to it by accident, he observed it to contain a num- 
ber of crystals ; on which he sent it to Mr Tromms- 
dorf, professor of chemistry at Erfurt, who examined 
it. The liquor remaining amounted to about two ounces. 
Its surface was covered by a transparent crust, so 
strong that the vessel might be inverted without spil- 
ling any of the liquid. At the bottom of the vessel were 
a number of crystals, which proved on examination to 
be sulphate of potash and carbonate of potash f . The 
crust on the top consisted partly of carbonate of potash, 
partly of crystallized silica* These last crystals had as- 
sumed the form of tetrahedral pyramids in groupes ; 
they were perfectly transparent, and so hard that they 
struck fire with steel 

4. Silica neither combines with oxygen, with the 


* Bergman, ii. 3a. 

f Potash combined with sulphuric acid and carbonic acid; 
\ Nicholson’s Journal , i. 317. 

s-* ^ 
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simple combustibles, nor with metals ; but it combines 
with many of the metallic oxides by fusion, and forms 
various coloured glasses and enamels. 

5. Azote has no action on silica ; neither has muria- 
tic acid when the silica is in a solid state ; but when 
the silica is combined with an excess of alkali, muria- 
tic acid dissolves the compound, and forms a perma^ 
nent solution. By concentrating this solution, the si- 
lica separates from it in the form of a jelly. 

0. There is a strong affinity between silica and fixed, 
alkalies. It may be combined with them either by fu- 
sing them along with it in a crucible, or by boiling the 
liquid alkalies over it. When the potash exceeds the 
silica considerably, the compound is soluble in water, 
and constitutes what was formerly called liquor silicum 
and now sometimes silic at ed potash or soda. When the 
silica exceeds, the compound is transparent and colour- 
less like rock crystal, and is neither acted on by water, 
air, nor (excepting one) by acids. This is the sub- 
stance so well know T n under the name of glass . 

Silica is not acted on by ammonia, whether in the ga- 
seous or liquid state. 

7. There is a strong affinity between barytes and si- 
lica. When barytes water is poured into a solution of 
silica in potash, a precipitate appears, which is consider- 
ed by Morveau as the two earths in a state of combina- 
tion *. Barytes and silica may be combined by means 
of heat. The compound is of a greenish colour, and 
coheres but imperfectly f. The effect of heat on va« 


* Morveau, Ann. de Cbm. xxxi. 250, 
f Vauquelm, ibid, xxix, 271* 
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rtous mixtures of barytes and silica will appear from Chap . IV® 
the following experiments of Mr Kirwan *. N 


Proportions. 

Heat. 

Effect. 

SO Silica 

20 Barytes 

150° Wedg. 

A white brittle mass. 

75 Silica 

20 Barytes 

150 

A brittle hard mass, semi- 
transparent at the edges. 

(5(5 Silica 

33 Baiytes 

Hi 

Melted into a hard, some- 
what porous porcelain 
mass. 

50 Silica 

50 Barytes 

148 

A hard mass not melted. 

20 Silica 

SO Barytes 

148 1 

The edges were melted 
into a pale greenish mat- 
ter between a porcelain 
and enamel. 

■KW 

150 

Melted into a somewhat 
porous porcelain mass. 

33 Silica 
c>6 Barytes 

.150 

Melted into a yellowish 
and partly greenish white 
porous porcelain. 


Strontian and silica combine with each other nearly $ tron tia Cs 
in the same manner. 

There is also an affinity between silica and lime. Lime, 
When lime-water is poured into a solution of silica in 
potash, a precipitate appears, as Stuck e discovered. This 
precipitate is a compound of silica and lime f . These 


* Kir wan’s Miner . i. 5 7. 

f Gadolin, Ann* de Cbim, xxii. no.— Morveaw, ibid. xxxi. z$o; 
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two earths xnay be combined also by meaps of heat* 
They form a glass, provided the quantity of lime be not 
inferior to that of silica. The effect of heat upon these 
earths, mixed in various proportions, will appear from 
the following experiments of Mr Kirwan f . 


Proportions. 

Heat. 

Effect. 

50 Lime # 
50 Silica 

150 q Wedg, 

Melted into a mass of a white 
colour, semitransparent at 
the edges, and striking fire, 
though feebly, with steel : 
it was somewhat between 
porcelain and enamel. 

80 Lime 
20 Silica 

156 

A yellowish white loose 
powder. 

20 Lime 
80 Silica 

156 

Not melted, formed a brit- 
tle mass. 


Magnesia, Equal parts of magnesia and silica melt with great 
difficulty into a white enamel when exposed to the most 
violent heat which can be produced f . They are infu- 
sible in inferior heats in whatever proportion they are 
mixed J. 

And alumi- There is a strong affinity between alumina and sili- 
" ,L ca. When equal portions of silicated and aluminated 

potash are mixed together, a brown zone immediately 
appears, which may be made, by agitation, to pass 
through the whole liquid. After standing about an 
hour, the mixture assumes the consistence of jelly |j. 


* Kirwan’s Min , i« 56. f Lavoisier, Mem. par. 178 7, p.598- 

t Achard, Mem* BerL 1 780, p. 33. 

If Morveau, Ann. dcGlnm. xxxi. 247, 
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When formed into a paste with water., and dried, they 
cohere, and contract a considerable degree of hardness* 
When baked in the temperature of 160 ° Wedge wood, 
they become very hard, but do not fuse *. Achard 
found them infusible in all proportions in a heat pro- 
bably little inferior to 150 ° Wedge wood. But when 
•exposed to a very strong heat, they are converted in- 
to a kind of opaque glass, or rather enamel. Porcelain, 
stoneware, brick, tiles, and other similar substances, are 
composed chiefly of this compound. Mixtures of sili- 
ca and alumina in various proportions constitute clays ; 
•but these are seldom uncontaminated with some other 
ingredients. 

It follows from the experiments of Achard, that 
equal parts of lime, magnesia, and silica, may be melt- 
ed into a greenish coloured glass, hard enough to strike 
fire with steel ; that when the magnesia exceeds either 
of the other two, the mixture will not melt ; that when 
the silica exceeds, the mixture seldom melts, only in- 
deed with him in the following proportions; three sili- 
ca, two lime, one magnesia, which formed a porcelain ; 
and that when the lime exceeds, the mixture is gene- 
rally fusible f. 

A mixture of silica and alumina may also be combined 
with barytes or strontian by means of heat. The mix- 
ture melts readily into a greenish coloured porcelain f. 

From the experiments of Achard and Kirwan, we 
learn, that in mixtures of lime, silica, and alumina, 
when the lime exceeds, the mixture is generally fusible 


* Kirwan’s Min. 58. 

f Mem, BirL 1780, p. 33. and Jour, de Plyt. xxiv. 


| Kirwan. 
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either into a glass or a porcelain, according to the pro- 
portions. The only infusible proportions were, 

2 3 Lime 

1 1 , Silica 

2 2 Alumina. 

That if the silica exceeds, the mixture is frequently fu*? 
sible into an enamel or porcelain, and perhaps a glass 5 
and that when the alumina exceeds, a porcelain may 
often be attained, but not a glass *. 

As to mixtures of magnesia, silica, and alumina, 
when the magnesia exceeds, no fusion takes place at 
150°. When the silica exceeds, a porcelain may often 
he attained ; and three pans silica, two magnesia, and 
one alumina form a glass. When ihe. alumina exceeds, 
nothing more than a porcelain can be produced +. 

Achard found that equal parts of lime, magnesia, sili- 
ca, and alumina^ melted into a glass. They fused al- 
so in various other proportions, especially when the si- 
lica predominated. 

Silica differs from all the other earths in not combi- 
ning with any of the acids except the fluoric, phospho- 
ric, and boracic j to tvhich perhaps we may add the 
muriatic. 

Silica is one of the most important of the earths. It 
is the chief ingredient of those stones which seem to 
constitute the basis of this terrestrial globe. It is an 
essential ingredient in mortar, in all kinds of stoneware, 
and in glass. 

Mr Davy made many experiments to ascertain the 
composition of silica, and has rendered it probable that 
it is a metallic peroxide. As it approaches in some of 


* Kir wan’s Min. i. 73, 


f Ibid « i. 72® 
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its properties to various insoluble salts, he thought it re- Chap. IW 
quisite, in the first place, to inquire whether it might 
not be a compound of an unknown acid and earth. But 
when exposed to the action of a powerful galvanic bat- 
tery it was not decomposed $ of course there was no rea- 
son for considering it as propable that it was of a saline 
nature. On the supposition that it was a metallic per- 
oxide, it was exposed to experiments precisely similar 
to those formerly described, when treating of the de- 
composition of alumina, and the results were exactly 
the same. Hence there is r eason to consider it as a com- 
pound of oxygen and a peculiar metal, though the ex- 
periments cannot be considered quite decisive. To the 
supposed metal Mr Davy proposes to give the name of 
rilicium . 
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REMARKS ON THE ALKALIES AND 
EARTHS. 


fin 

A he terms alkali and earth were brought into use 
long before chemistry became an accurate science* We 
need not therefore be surprized that their meaning was 
somewhat vague ; and that as chemical substances mul- 
tiplied, it became difficult to ascertain to which of the 
two they ought to be assigned. Two properties appear 
to have been considered as essential to the alkalies. 
Original 1. They were capable of combining with acids, and of 
depriving them of their acidity, while they themselves 
**rtb, lost their characteristic properties, or were neutralized . 

2. They were soluble in water. Insolubility in water, 
or aridity , as the chemists termed it, joined to incom- 
bustibility, was considered as characteristic of an earth* 
These properties served to arrange newly discovered 
substances. If they combined with acids, and were so- 
luble in water, they were considered as alkalies ; but 
If they were insoluble in water, they took their station 
among the earths. Hence soda, as soon as discovered, 
was denominated an alkali^ while lime, barytes, stron- 
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dan, &c. were successively placed among the earths ; 
for the solubility of the first of these bodies in water 
was long misunderstood. The whole of the lime was 
not considered as soluble in water, but a certain portion 
of it which approached alkalies in its nature ; and though 
this error had been rectified before the discovery of 
strontian, yet analogy led chemists to class this body 
along with lime and barytes, which had already taken 
their place among earths. 

The alkalies naturally subdivided themselves into 
fixed and volatile ; a distinction made at an early pe- 
riod, sufficiently correct, and attended with many ad- 
vantages. The subdivision of the earths into alkaline 
and proper was a much later improvement. Indeed it 
was only after the earths had been examined in a state 
of tolerable purity that such a subdivision was possible. 
Those, earths that possessed all the characteristics of 
ajkalies, excepting that of being very soluble in water, 
were denominated alkaline , while those that were inca- 
pable of neutralizing acids, and which were insoluble 
in water, were considered as, more peculiarly entitled to 
the name of earth. This subdivision was obviously 
intended to correct the too great vagueness of the terms 
earth and alkali as originally applied. It appears more 
proper than some other methods that have been prac- 
tised for the same purpose. Fourcroy, for instance, 
classes barytes and strontian with the alkalies. No 
fault can be found with this arrangement, because the 
division of these bodies into earths and alkalies is per- 
fectly arbitrary. But surely if barytes and strontian be 
placed among alkalies, lime ought not to be excluded 5 
for barytes and strontian do not possess a single alka- 
line property of which lime is destitute. And if lime 
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be reckoned among the alkalies, no good reason can be 
given why magnesia should be excluded. . The truth 
is, that these bodies graduate into each other so nicely 
that they can scarcely be placed in different classes. 
This is a sufficient reason for preferring the common 
division to the new one proposed by Fourcroy. 

Berthollet has suggestedanother definition of alkalies, 
which appears to me much more correct than that of 
Fourcroy. According to him, all bodies capable of 
neutralising acids are entitled to the name of alkalies . 
Alkalinity is the property of neutralizing acids, and 
acidity tnat of neutralizing alkalies . According to this 
definition, the alkalies, both fixed and volatile, and the 
alkaline earths, ought to be considered as alkalies. 
Though objections might perhaps be started to this de- 
finition, as is the case indeed with ail definitions what- 
ever, yet it must be allowed to be much more precise, 
and gives us a more satisfactory notion of alkalinity 
than any that preceded it. But if the capacity of neu- 
tralizing acids constitutes alkalinity, it is obvious that 
those bodies must possess most of that property, which 
are ?no$t capable of neutralizing acids, or which are ca- 
pable of neutralizing the greatest quantity of acid. Ac- 
cording tc this doctrine the alkalies arrange themselves 
in the following order; that one standing first which 
neutralizes the greatest quantity of acid * ; 


Ammonia, 

Magnesia, 

Lime, 


* Berthollet, St at l qua Chemqve, i, p, 125. The order was established 
flora, the experiments of Kirwan. 



alkalies and earths. 

Soda, 

Potash, 

Strontian, 

Barytes. 

The earths proper combine with acids, but do not 
neutralize them *. 

The alkalies (using the word in Berthollet’s sense) 
do not combine with oxygen. They do not act upon 
hydrogen nor carbon ; but they combine with sulphur, 
and unite with phosphorus, or at least act upon it with 
considerable energy. Their action upon metals is not 
very remarkable. Some metallic oxides they dissolve, 
while upon others they have no effect. They are all 
more or less soluble in water except magnesia ; but the 
alkaline earths much less so than rhe others. 

' The earths proper do not unite with oxygen, at least 
as far as has been ascertained in a satisfactory manner. 
They do not unite with simple combustibles nor metals, 
and have a much less tendency to enter into combina- 
tions than the alkalies. 

The following Table exhibits some of the most 
remarkable characters of the alkaline and proper 
earths f. 


* To this there arc some exceptions. This constitutes one of the de* 
fecta of Berthollet’s. definition. 

f In this Table several properties have been placed, with which the 
reader will become acquainted by perusing the subsequent part of this 
Work. It was thought worth while to add them, that the Table might 
contain the most important properties of the earth* collected together, 
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It deserves attention, that a considerable number of 
these bodies may be divided into pairs, whichhave a 
striking resemblance to each other. These pairs are, 


C Potash 
» * £ Soda 

0 C Barytes 
£ Strontian 

But the resemblance between 


3 . 

4 . 


i 


Yttria 

Glucina 

Alumina 

Zirconia 


alumina and zirconia. 


which constitute the last pair, is not so close as that 


* After being precipitated.. 
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between the bodies which form the other pairs. Am- Chap. . v. 
monia, magnesia, and silica, have none of them corres- 
ponding substances. 

Now that the secret of the composition of the alkalies 
and earths has been revealed, it is obvious that they all 
belong to the same class of substances, and that they 
ought to be placed among the metallic oxides. Thus 
the conjecture of the old chemists has been verified with 
respect to the earths $ while the constitution of the al- 
kalies has turned out different from every previous con- 
jecture. 
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PRIMARY COMPOUNDS. 


If the science of chemistry had made sufficient progress* 
this division would comprehend all the compounds which 
the simple confutable bodies are capable of forming with 
each other. But we are not yet sufficiently acquainted 
with all of these combinations to be able to detail them 
at length ; and many substances known to exist* and to 
belong to tins division, have not been sufficiently exa- 
mined to enable us to assign them their proper situ- 
ation. We cannot, therefore, introduce all primary 
compounds into this division, but those only, in the' 
analysis of which chemistry has made considerable pro- 
gress. 

The confinable bodies were divided into four classes ;■ 
namely, Oxygen, Combustibles, Incombustibles,. 
and Metals. Oxygen unites with all the bodies be- 
longing to the other three classes ; and with most of 
them it unites in various proportions. United in one* 
proportion, it forms a set of bodies incapable of neutra-* 
lizing alkalies, to which the name of oxide has been as- 
signed united in another proportion, it forms a set of 
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bodies called acids, capable of neutralizing alkalies. 
Each of these sets comprehends under it a variety of 
bodies of great importance in chemistry, and which, 
therefore, deserve to be examined with attention. The 
combustibles unite with each other, and form a very 
numerous class of bodies still capable of combustion, 
and which, therefore, may be called compound combus- 
tible s. They unite also with incombustibles and with 
metals . The incombustibles, as far as we know, do not 
unite with each other , nor with the metals ; but the me- 
tals combine together, and form compounds called al- 
loys . Hence we see that the primary compounds natu- 
rally divide themselves into the six following classes : 

1 . Oxides 5 

2 . Acids ; 

3. Compound combustibles ; 

4. Combinations^ combustibles and incombustible s; 

5. Combinations of combustibles and metals ; 

6. 'Combinations of rhetals with each other. 

Of these classes* the two last, in the present state of the 
science, are of least importance. The compounds be- 
longing to them are scarcely entitled to a separate exa- 
mination, and for that reason were introduced in the 
first Book of this Work* during the examination of the 
simple substances, of which they are compounds. As 
to the fourth class, we are at present acquainted only 
with one substance which we know to belong to its 
That substance is ammonia * which was arranged with 
the fixed alkalies and earths* for reasons formerly sped* 
bed. The first' three classes of primary compounds 
alone remain to be examined. They shall form the* 
subject of the following chapters * 
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OF OXIDES.. 


Comto- W* Have seen already that oxygen combines with* 
tion of oxy* bodies in various proportions, constituting a variety of 
compounds with almost every substance with which it 
is capable^of uniting. Now the whole of the compounds 
into which oxygen enters may be divided into two sets: 
X. Those which possess the properties of acids ; and,. 
2. Those which are destitute of these properties. The 
first set of compounds are distinguished by the term a- 
cids y to the second, the term oxide has been appropri- 
ated. By oxide, then, is meant a substance composed of 
oxygen and some other body, and destitute of the pro- 
perties which belong to acids. It is by no means un- 
common to find a compound of the same base and oxy- 
gen belonging to both of these sets, according to the pro- 
portion of oxygen which enters into the compound. In 
all these cases, the smaller proportion of oxygen con- 
stitutes the oxide ; the larger the acid. Hence it fol* 
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lows, that oxides always contain less oxygen than acids 
with the same base. 

The oxides, then, which we have to examine in this 
chapter, are combinations of oxygen with the simple 
combustibles, the simple incombustibles, and the me- 
tals ; substances which may be denominated the bases 
of the oxide. Now the oxides differ considerably from 
each other, according to the nature of the base and the 
manner in which the combination has been formed. 
Some of them are products of combustion, others of 
them are combustible , while a third set are supporters of 
combustion. The metallic oxides, whieh have been al- 
ready examined, belong partly to the first and partly to 
the last of these classes. The following Table exhibits a 
view of the different oxides (omitting the metallic) ar- 
ranged under their respective classes. 


I. Oxide Products. 

Base. Name. 

Hydrogen W ater. 

II. Combustible OxIdes., 

Carbon. Carbonic oxide. 

Phosphorus ...Oxides of phosphorus. 

Sulphur • , Oxides of sulphur. 


III. Oxide Supporters. 


Azote \ Nitrous oxide. 

C Nitric oxide. 

Muriatic acid. . . ...Oxy muriatic acid. 


The examination of these oxides shall occupy our atteft- 
tioh in th£ following Sections. 
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' I. OXIDE PRODUCTS. 

Hydrogen differs from the other simple combustibles 
in several respects. It is the only one of them which i& 
capable of uniting with only a single dose of oxygen,, 
and of forming a compound entirely destitute of acid pro- 
perties. This compound is Water . It is formed by 
combustion, and is therefore z product. All the other 
products into which the simple combustibles enter are 
atidu The only oxide product, then, at present known 
(exclusive of the metallic) is water. 


SECT. L 


OF WATER. 

r l his well-known liquid is found in abundance in 
every part of the World, and is absolutely necessary for 
the existence of animals and vegetables. When pure, 
in which state it can be obtained only by distillation, it 
is transparent, and destitute of colour, taste, and smell. 
iVc : ght. 1 . As this liquid, from the ease with which it; may 

be procured in a state of purity, has been chosen for a 
standard by which the comparative weight of ail other 
bodies may be estimated, it becomes of the greatest im- 
portance to ascertain its weight with precision : But its 
density varies with the temperature. At the tempera- 
ture of 3&°, its density is a maximum ; and for the 
two or three degrees on each side of 36°, the varia- 
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flon of its density is scarcely perceptible. Now, from , c ^ a P jf ‘ 
tlie experiments of Lefevre Gineau, performed with 
great care, in order to ascertain the weight of the mi lie- 
gramme, it follows, that, at the temperature of 40°, a 
French cubic foot of distilled water weighs 70 Lbs. and 
22.3 grains French — 529 45 2*94’92 grains troy There- 
fore an English cubic foot, at the same temperature, 
weighs 437102*4946 grains troy, or '999*0914161 oun- 
ces avoirdupois. Hence a cubic inch of water at 40° 
weighs 2 52**953 grains, and at 60°, 252*72 grains. A 
cubic foot of water, at the temperature of 55°, weighs, 
according to the experiments of Professor Robison of 
Edinburgh, 998*74 avoirdupois ounces, of 437*5 grains 
troy each, or only 1*26 ounces less than 1000 avoirdu- 
pois ounces : so that rain water, at tire same tempera- 
ture, will weigh pretty nearly 1000 ounces. The spe- 
cific gravity of water is always supposed — 1*000, and it 
is made the measure of the specific gravity of every other 
body. 

2 . When water is cooled down to 32°, it assumes Ice, 
the form of ice. If this process goes on very slowly, 
the ice assumes the form of crystalline needles, crossing 
each other at angles either of 60° or 120°, as Mr cle 
Mairan has remarked ; and it has been often observed 

in large crystals of determinate figures f. Ice, while 
kept at a temperature considerably below 3 2 6 , is very 
hard, and may be pounded into the finest dust. It is 
clastic. Its specific gravity is less than that of water. 

3. When water is heated to the temperature of 212°, Steam* 


-■& Jour.de P/jys. xlix. T7I. 

4 See observations rcn this subject by Grew- Phil, Tram* Abr. ii. 54 . 
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it boils, and is gradually converted into steam- Steam 
is an invisible fluid like air, but of a less specific gravity*, 
It occupies about 1800 times the space that water does. 
Its elasticity is so great, that it produces the mo^t vio- 
lent explosions when confined. It is upon this principle 
that the steam-engine has been constructed. 

The phenomena of boiling are owing entirely to the 
rapid formation of steam at the bottom of the vessel. 
The boiling point of water varies according to the pres* 
sure of the atmosphere. In a vacuum water boils at 
70° y and when water is confined in Papin’s digester, it 
may be almost heated red hot without boiling. The 
mixture of various salts with water affect its boiling 
point considerably. Mr Achard made a number of ex- 
periments on that subject ; the result of which may be 
seen in the following Tables *. 


Class I. Salts which do not affect the Boiling Point „ 
Sulphate of copper. u 

Class II. Salts which raise the Boiling Point 

0 f Muriate of soda ^ f 10*35° 

£ j Sulphate of soda j *£.£ j 5*6 

~ c j Sulphate of potash ! ^ \ 0*9 

sa •£ j Nitrate of potash ( 3*5 

1 — j Boracic acid IpS 1 ? i 2’2 

<; (^Carbonate of soda J (_ 2*35 

This augmentation varies with the quantity of salt 


* Trans* Marlin* 1785- 
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9issc>lvecL In general, it is the greater the nearer the 
solution approaches to saturation. 


Chap. I. 


Class III. Salts which lower the Boiling P<rint* 


Borax, 




In a small quantity, lowers the boil- 
ing pOmt 

Saturated solution of 


Sulphate of magnesia, f sn f l l W 5 **"’ 

r & ’ ^ Saturated solution of. 

C A very small quantity of 

Alum, < A greater quantity ....... 

£ A saturated solution of 

Sulphate of lime. 

Sulphate of zinc. 

Sulphate of iron, 

Acetate of lead. 


in any proportion. 


1*350® 

0*22 

2*47 

1*1 

0*0 

e-7 

o*o 

0*02 

0*45 

0*22 

1*24 


Class JV. 


Muriate of 
ammonia. 


Small quantity of, lowers the 

boiling point .....0“45 Q 

Saturated solution of, raises do. 9*79 


Carbonate of C Small quantity of, lowers do. 0*45 
potash, I Saturated solution of, raises do. 1 1 *2 


Water was once supposed to be incompressible ; but 
the contrary has been demonstrated by Mr Canton. 

The Abbe Mongez made a number of experiments, 
long after that philosopher, on the same subject, and 
obtained similar results. 

4. Water is not altered by being made to pass through Action of 
a red hot tube. Heat does not seem capable of decom- 3leat " 
posing it ; neither is it affected by the action of light. 

5. It has the property of absorbing atmospheric air; Absorbs 
•and it always contains a portion of it when it has been air ' 
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Book if. exposed to the atmosphere. The greater part of this 
giviston^ l. a j r j s driven 0 ff bj boiling : but, from the experiments 
of Dr Priestley, it appears that the whole of it is not 
separated ; nor can it be completely separated without 
great difficulty. Water owes its agreeable taste to the 
presence of air ; hence the insipidity of boilecj* water. 
It absorbs oxygen gas in preference to air, and nearly 
in the same proportion, as was first ascertained by 
Scheele. 

How air Mr Driessen has shown, that in order to free water 
prated SG from air, it must be boiled at least for two hours, and 
ifom it. kept in a flask with its mouth inverted over mercury. 

If it be exposed to the air, after this process, for ever 
so short a time, it immediately absorbs some air ; a 
proof of the strong affinity which it has for that fluid*. 
This philosopher has pointed out the following method 
of ascertaining whether water be perfectly free from 
air. Tinge the water blue with litmus, fill a flask with 
it, invert the flask under water, and introduce, into it 
pure nitrous gas -till about T x fc - of the vessel is filled. If 
the water contain air, a portion of the nitrous gas will 
combine with its oxygen, and be converted into nitric 
acid. The consequence of which will be, that the lit- 
mus will assume a red colour. Even the proportion 
of air in the water may be estimated by the quantity of 
ammonia necessary to restore the blue colour to the lit- 
mus. If the litmus retains its blue colour, we may be 
certain that the water which we try contains no sen,- 
sihle portion of air f. It is proper to remark, how- 
cyer, that this experiment does not succeed in a. satis* 


Msg. x8-.$, xv. *5$. | Ibid, 
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factory manner, unless an unusual quantity of oxygen 
gas be present. No effect is produced when nitrous 
gas is agitated with good spring water. 

6. Water has no action on the simple combustibles 
while cold, nor does it combine with any of them. 
Hydrogen does not act upon it even at a red heat ; but 
charcoal at that temperature decomposes it, forming 
carbonic acid, and various species of heavy inflamma- 
ble air. The action of phosphorus at a red heat has 
not been tried. Sulphur, as far as is known at present, 
does not decompose it. 

7 . Of the metals, iron, zinc, antimony, and tin, de- 
compose it when assisted by heat ; silver, gold, cop- 
per, and platinum, have no effect upon it. The action 
of the other metals at a red heat has not been tried*'. 

6. Water dissolves the alkalies and alkaline earths. 
The earths proper are insoluble in it. It dissolves also 
acids and salts, and is capable of combining with a great 
variety of bodies. 

9. Water has the property of uniting with bodies in 
two different ways. Some it dissolves ; the compound 
becomes liquid, like water. In this way it unites with 
common salt, with sugar, and a vast number of other 
bodies. Other substances combine with it without lo- 
sing their solidity. The water in this case loses its li- 
quid form, and assumes that of the substance to which 
•it has united. In this way it unites to lime, to alumi- 
na, to many saline bodies, and to a variety of metallic 
oxides. When the compound of water with another 
substance remains liquid, the proportion of water is un- 
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Jlfttff. Par, p. z 75. 
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limited ; but when the combination formed is solid, fibre 
water combines always in a certain determinate pro- 
portion. 

To the first of these combinations, or the solutions of 
bodies in water as they have been termed, considerable 
attention has always been paid ; but the second kind, in 
which the water assumes a solid form, was very much 
overlooked, if not altogether neglected, till the atten- 
tion of chemists was drawn to them by Mr Proust, who 
has given to such combinations the name of hydrates . * 
Thus the combination of lime and water, usually called 
slacked limey is in his language a hydrate of lime : in 
like manner, the crystals of barytes and strontian are 
hydrates of these alkaline earths, and crystallized potash 
and soda are hydrates of the fixed alkalies. Though the 
term hydrate is in some respects exceptionable, we shall 
continue to use it, as no other has been suggested. The 
compounds called hydrates deserve attention, since they 
differ very considerably in their properties from those 
bodies with which they have been hitherto confounded. 
Thus the hydrates of lime, barytes, potash, &c. are 
very different in several respects from lime, barytes, 
potash, &cc. 

The hydrates of potash and soda are crystallized, and 
contain always a determinate proportion of water : ac- 
cording to Proust, about 30 per cent . When dissolved 
in water they occasion cold ; whereas the alkalies in 
the state of powder produce heat. The same observa- 
tions are applicable to the hydrates of barytes and stron- 
tian. The proportion of water which combines with 
lime is much less considerable than that which enters 
into the composition of the hydrates just mentioned. 
Hence the hydrate of lime does not crystallize, but re- 
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ever, that it retains the water with great obstinacy, and ^ """ * 

that the formation of it is one of the principle causes of 
the solidification of mortar *. The hydrate of alumina 
is no less remarkable for the obstinacy with which it 
retains its water. It is the substance to which Saussure 
gave the name of spongy alumina . 

But the hydrates of the metallic oxides are the most Metalline* 
remarkable. They first drew the attention of Proust, 
and induced him to invent the term hydrate. His ob- 
servations, as far as regards the hydrate of copper , have 
been called in question by Berthollet junior f ; but his 
arguments do not appear to me sufficiently conclusive 
to overturn the ingenious theory of the Spanish che- 
mist. tie has demonstrated indeed, that the hydrate of 
copper usually retains a small portion of acid ; but he 
has not shown that its peculiar properties are owing to 
that acid, while Proust has made the contrary more 
than probable, by ascertaining that the properties of 
the hydrate remain the same, even when the proportion 
of acid varies, and when it is so far diminished as to 
be no longer perceptible. 

When copper is dissolved in nitric acid, and a suffi- Hydrate of 
cient quantity of potash added to the solution, a blue copi>cr 
powder falls to the bottom, which when sufficiently- 
washed, and carefully dried, coheres together, and forms 
a brittle mass breaking with a vitreous fracture. This 
mass is the hydrate of copper. It has an exquisitely 
disagreeable taste, and acts with great energy upon the 


& See Proust, Jour, dc Plys . lix= 34 •„ 
f Statique Chemlquiy ii. 455, 
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Of iron, 


Of tin. 


Gases con- 
tain water. 


system when swallowed, or even kept in the mouth. 
When distilled it yields 25 parts of water, and leaves 
75 of black oxide of copper. 

When the solution of iron in sulphuric acid is treat- 
ed in the same way, a green powder falls, which is a 
hydrate of iron. These two hydrates are delicate, and 
easily lose their water. But some of the other hydrates 
of the metallic oxides retain their water with great ob- 
stinacy. This is the ease particularly with the hydrates 
of nickel and cobalt, which resist the action cf a consi- 
derable heat *. 

Whemtin dissolved in muriatic acid is precipitated 
by potash, a white powder is obtainecl, which washed 
and dried in the heat of boiling water is a hydrate of 
tin. When distilled in a retort it loses 5 per cent . of 
water, and is converted into protoxide of tin f. 

Most of the metallic hydrates are remarkable for the 
brilliancy of their colours. They are much more easily 
dissolved by acids than the oxides ; and when put into 
the mouth they affect the organs of taste even more 
powerfully than the metallic salts. 

10. All gases in their usual state contain combined 
with them a quantity of water, which often amounts to 
a considerable proportion of their weight. Part of this 
water may be abstracted by exposing the gases to sub- 
stances which have a strong affinity for water, as dry 
potash; but part adheres with a great deal of obstinacy, 
and perhaps cannot be removed by any method in our 
power. 

11. Water was believed by the ancients to be one of 


■f Proust jJour* dc F/jyst Us. 347. 


f ibid- j\ 33c. 
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the four elements of which every other body is compo- 
sed; and, accordingto Hippocrates, it was the substance 
which nourishes and supports plants and animals. That 
water was an unchangeable element continued to be be- 
lieved till the time of Van Helmont, who made plants 
grow for a long time in pure water ; from which ex- 
periment it was concluded, that water was convertible 
into all the substances found in vegetables. Mr Boyle 
having digested pure water in a glass vessel hermeti- 
cally sealed for above a year, obtained a quantity of 
earthy scales ; and concluded, in consequence, that 
be had converted it partly into earth *. He obtain- 
ed the same earth by distilling water in a tall glass 
vessel over a slow iiref. MargrafF repeated the expe- 
riment with the same result, and accordingly drew the 
same conclusion. But the opinion of these philoso- 
phers was never very generally received f. The last 
person who embraced it was probably Mr Waselton, 
who published his experiments on the subject in the 
Journal cle Physique for 17S0. Mr Lavoisier had 
proved, as early as 1773, that the glass vessels in which 
the distillation was performed lost a weight exactly 
equal to the earth obtained. Hence it follows irresist- 
ibly that the appearance of the earth, which was silica, 
proceeded from the decomposition of the vessels ; for 
glass contains a large proportion of silica. It has been 
since shown by Dr Priestley, that water always decom- 


* Shaw’s Beyle, iir. 417. f Ibid. i. %(>J. 

| a- a 1 roiiut of all the facts relating to this subject m Watsoifs 
Chemical Essa\s } iv. 257. 
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History of Water is now known to be an oxide of hydrogen, or 
the disco- 

very of its a compound of oxygen and hydrogen. As this disco- 
pam.° nent very has a ^ most entirely altered the appearance of the 
science of chemistry, by furnishing an explanation of a 
vast number of phenomena which were formerly inex- 
plicable, it will be worth while to give a particular ac- 
count of the different steps which gradually led to it. 

The first person probably who attempted to disco- 
ver what was produced by burning hydrogen gas was 
Scheele. He concluded, that during the combustion- 
oxygen and hydrogen combined, and that the product 
was caloric. 

In 1776 Macquer, assisted by Sigaud de la Fond^ 
set fire to a bottle full of hydrogen gas, and placed a 
saucer above the flame, in order to see whether any fu- 
liginous smoke would be produced. The saucer re- 
mained perfectly clean ; but it was moistened with 
drops of a clear liquid, which they found to be pure 
water *. 

Next year Bucquet and Lavoisier exploded oxygen 
and hydrogen gas, and made an attempt to discover 
what was the product ; about the nature of which they 
had formed different conjectures. Bucquet had suppo<- 
sed that it would be carbonic acid gas ; Lavoisier, on 
the contrary, suspected that it would be sulphuric or 
sulphurous acid. What the product was they did not 
discover $ but they proved that no carbonic acid gas was 


Macguer’s Dictionary^ art. Gas iniammnhU, 
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formed, and consequently that Mr Bucquet’s hypothe- 
sis was ill founded f. 

In the beginning of the year 1*781, Mr Warltire, at 
the request of Dr Priestley, fired a mixture of these two 
gases contained in a copper vessel ; and observed, that 
after the experiment the weight of the whole was di- 
minished, Dr Priestley had previously, in the presence 
of Mr Warltire, performed the same experiment in a 
glass vessel. This vessel became moist in the inside, 
and was covered with a sooty substance t, which Dr 
Priestley afterwards supposed to be a part of the mer- 
cury used in filling the vessel §. 

In the summer of 1781, Mr Cavendish, who had 
been informed of the experiments of Priestley and 
Warltire, set fire to 500,000 grain measures of hydro- 
gen gas, mixed with about 2f times that quantity of 
common air. By this process he obtained 135 grains of 
pure water. He also exploded 19,500 grain measures 
of oxygen gas, with 37,000 of hydrogen gas, and ob- 
tained 30 grains of water, containing in it a little nitric 
acid. From these experiments he concluded that water 
is a compound. — Mr Cavendish must therefore be con- 
sidered as the real discoverer of the composition of wa- 
ter. He was the first who ascertained that water is 
produced by firing oxygen and hydrogen gas, and the 
first who drew the proper conclusion from that fact. 
Mr Watt, indeed, had also drawn the proper conclu- 
sion from the experiments of Dr Priestley and Mr 
Warltire, aftd had even performed a number of expert- 


Chap. T. 

1 ir— ' 


| Mem. Par. 1981 , p. 47 a 
$ PbiL Trans . Ixxiv. 3-32^ 


j Priestley, v. 3?.y 
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rnwLr dish had communi catecl his ; but he had been deterred 

from publishing his theory by some experiments of Dr 
Prestley, which appeared contrary to it*. He has 
therefore a claim to the merit of the discovery 5 a claim 
however, which does not affect Mr Cavendish, \tfhQ 
knew nothing of the theory and experiments of that in- 
genious philosopher. 

Meanwhile, in the winter 1781 - 2 , Mr Lavoisier, who 
had suspected that when oxygen and hydrogen gas are 
exploded, sulphuric or sulphurous acid is produced, 
made an experiment in order to a$cert?in the fact, at 
which Mr Gengembre assisted. They filled a bottle, 
capable of holding six pints (French), with hydrogen 
gas, to which they set fire, and then corked the bottle, 
after pouring into it two ounces (French) of lime-water. 
Through the cork there passed a copper tube, by means 
of which a stream of oxygen gas xvas introduced to 
support the flame. Though this experiment was repeat- 
ed three times, and instead of lime water a weak solu- 
tion of alkali and pure w\ater were substituted, they 
could not observe any product whatever f. This re- 
suit astonished Mr Lavoisier exceedingly : he resolved, 
therefore, to repeat the experiment on a larger scale, 
and if possible with more accuracy. By means of pipes 
furnished with stop-cocks, he put it in his power to 
supply both gases as they should be wanted, that he 
might be enabled to continue the burning as long as he 
thought proper. 

The experiment w r as made by Lavoisier and La Place 


* Ihul Ixxv. 33c, 
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on the 24th of June 1783, in the presence of Messrs , Chap.-,b 
Le Roi, Vandermonde, several other academicians, and 
Sir Charles Blagden, who informed them that Mr Ca- 
vendish had already performed it, and that he had ob- 
tained water They continued the inflammation till 
all their stock of gases was wasted, and obtained about 
295 grains of water, which, after the most rigid exami- 
nation, appeared to be perfectly pure. From this ex- 
periment Lavoisier concluded, that water is composed 
of oxygen and hydrogen. Mr Mongez soon after per- 
formed the same experiment, and obtained a similar re- 
sult: and it was repeated again by Lavoisier and Meus- 
nier on a scale sufficiently large to put the fact beyond 
doubt t« 

The proof that water is a compound of oxygen and Proofs 
hydrogen is, that when these two gases, mixed in pro- 
per proportions, are fired, they almost wholly disap™ 
pear, and there is found in their place a quantity of 
pure water," as nearly equal to them in weight as cari 
be expected in experiments of that delicate nature. The 
hydrogen gas is made to pass slowly from the glass jar 
in which it is contained, by means of a tube furnished 
with a stop-cock, into a glass globe filled with oxygen 
gas. It is set on fire at the extremity of the tube, ei- 
ther by means of electricity or by a little phosphorus, 
and it continues to burn slowly till ihe whole of It is 
consumed. New portions of oxygen gas are introdu- 
ced occasionally from another glass jar, by means of a 
tube furnished with a stop-cock; The water, as it is 
formed, is condensed in the glass globe. A great num- 


* Mem. Pan 178*, p* 472 - 

VoL IL 
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ber of precautions are necessary to ensure the purity of 
the gases, and to measure their weight and the nature 
of the gas which remains after combustion. But for 
these I refer to the account of the experiments them- 
selves, which have been published by the French che- 
mists in the Memoirs of the Academy of Sciences. The 
experiment on which the greatest dependence may be 
put was made in the year 1790 by Seguin, Fourcroy* 
and Vauquelin*. The bulk of the gases employed 
in this experiment was^ 


French Inches. 

Hydrogen gas 25980*563 

Oxygen gas...... ...12479*080 


Total 38459*643 


The water obtained amounted to 7249 s 227 grains 
rench, or 5 9 47* 3 grains troy, or 12*390oz. It exhibited 
no mark of acidity, and appeared in every respect to 
be pure water. Its specific gravity w r as to that of di- 
stilled water as 18671 to 18670 ; or nearly as 1*000053 
to l. 

The residuum of gas in the vessel after combustion 
amounted to 98 7 cubic inches French; and, on being exa- 
mined, was found to consist of the following quantities 
of gases : 


* j 


* Sec Arm. ic Gbim*. vuit »30.v 
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French Inches* 

Azotic gas. 


Carbonic acid gas. . 


Oxygen gas ....... 


Hydrogen gas. . . . . * 


Total. 



Now the weight of the whole 

gases employed was. . . . . i . .6306*71 
That of the water obtained, and 

of the residuum . . * .6303*24 


Or 3-47 

gTains less than had been employed. This approaches! 
as near an equality as can be expected in experiments 
of this nature. The small surplus of azotic! gas found 
after the combustion cannot be accounted for, unless we! 
suppose some common air to have gained admission du- 
ring the process. 

As sufficient precautions had been taken to prevent 
the introduction of carbonic acid gas, the quantity found 
in the residuum must have been formed during the pro- 
cess. There must therefore have been a small quan- 
tity of carbon introduced. Now zinc, it is supposed* 
often contains carbon, and hydrogen has the property 
of dissolving carbon j probably, then, the carbon was 
introduced in this manner. The carbonic acid found in 
the residuum amounted to 2 3 '3 06 grains, which ac- 
cording to Lavoisier’s calculation, is composed of 8*958 
grains of carbon and 14*348 grains of oxygen. 

Subtracting these 8*958 grains of carbon, and the 
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0*530 of a grain of hydrogen which remained in the* 
vessel, from the total of hydrogen introduced, there 
will remain 852*690 grains for the hydrogen that dis- 
appeared. 

Subtracting the 14" 3 48 grains- of oxygen which en- 
tered into the composition of the carbonic acid, and the 
residuum of 1 oxygen, which amounted to 188*371. grains, , 
the quantity of oxygen that disappeared will amount to 
5094*6 grains; 


Grains Troy® 

Hydrogen that disappeared 852*7 
Oxygen . . . . .. o .5094*6 


Total o .............. . 5947*3 

Quantity of water obtained 5943*0 


4 grains 


Which is less than the ? 
gases consumed by j 
ft is impossible to account for the exact coincidence 
of the water condensed with the weight of the gases - 
consumed, -unless we suppose it lo be composed of these 
bodies. 

This experiment gives us the composition of water 
as follows ; . . . . » .Oxygen . .85*662 grains troy 
Hydrogen 14*338 


100*000 • 

Dr Priestley, however, who made a great many ex- 
periments on this subject, drew from them a very dif- 
ferent conclusion ; and thought he had proved, that du- 
ring the combustion the two gases combine, and that 
the combination is nitric acid. This theory was adopt- 
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'•eii, or rather it was suggested, by Mr Keir, who has 
supported it with a great deal of ingenuity *. 

Let us examine these experiments of Dr Priestley f , 
and see whether they warrant the conclusions he has 
drawn from them. The gases were exploded in vessels 
of copper. He found that the quantity of water ob- 
tained was alway less than that of the gases which he 
had used. He obtained also a considerable quantity of 
nitric acid. In the experiment made on the largest 
quantity of the gases, and from which he draws his 
conclusions, the quantity of liquid obtained amounted 
to 442 grains. This liquid was examined by Mr Keir. 
It was of a green colour ; 72 grains of brown oxide of 
copper were deposited in it, and it contained a solution 
of nitrate of copper (copper combined with nitric acid). 
Mr Keir analysed this liquor : It consisted of pure wa- 
ter and nitrate of copper : and Mr Keir concluded that 
the nitric acid formed amounted to T x ^th of the oxygen 
gas employed. Here then a quantity of oxygen and 
hydrogen gas has disappeared : What has become of 
them? They have combined, says Dr Priestley, and 
formed nitric acid. This nitric acid is only ^th of their 
weight. Dr Priestley supposes, however, that it con- 
tains the whole oxygen and hydrogen that existed in 
these gases, and that all the rest of the weight of these 
gases was owing to a quantity of water which they had 
held in solution. Oxygen gas, then (for we shall ne- 
glect the hydrogen, which Dr Priestley was not able to 
bring into view at all), is composed of one part of oxy- 
gen and 19 of water. Where is the proof of this ? Dr 
Priestley informs us, that he ascertained by experiment 


$ Kcir’s Dictionary , art. Nitrous Acid* 
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OXIDES. 


IU 

piston V ^at we *gfa of carbonic acid gas was pure wa- 

.ter. Supposing the experiment accurate, surely it can- 
not be concluded from it that oxygen gas consists of 
•rl parts, or almost wholly of water. It Is impossible* 
therefore, from Dr Priestley’s experiments, allowing his 
ingenious suppositions and conjectures their utmost 
force, to account for the disappearing of the two gases* 
pr the appearance of the water, without admitting that 
this liquid is actually composed of oxygen and hydro- 
gen. If we add to this, that oxygen gas can scarcely 
Ibe procured absolutely free from some mixture of 
iazote, and that his oxygen was always obtained either 
from red oxide of lead, or from black oxide of manga,- 
nese, or red oxide of mercury, all of which substances 
yield a considerable proportion of a?:ote; if we add, that 
it has been proved beyond the possibility of doubt, and 
to Dr Priestley’s own satisfaction, that nitric acid is 
composed of oxygen and azote — we shall find it no dif- 
ficult matter to explain the origin of that acid in Dr 
Priestley’s experiments: and if w T e recollect that. in Se~ 
guin’s experiment, upon a much larger scale than Dr 
Priestley’s, no nitric acid at all was formed, it will be 
impossible for us to believe that the compound formed 
by oxygen and hydrogen is nitric acid. Tims Dr 
Priestley’s experiments rather confirm than destroy the 
theory of the composition of water. We obtain from 
them, however, one curious piece of information, that 
the presence of copper increases the quantity of nitric 
pcid formed. 

The proof for the £ompo$itiop of water, derived from 
the combustion of hydrogen gas, is rendered still strong-? 
f - r by reversing the experiment. When electric explo- 
sions are made to pass through water, part of it is de- 
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igas. Messrs Van Troostwyck and Dieman, assisted by Chap. 
Mr Cuthbertson, filled a small glass tube, -J-th of an inch 
in diameter and 12 inches long, with distilled water* 

One end of this tube was sealed hermetically ; but at 
the same time a small gold wire had been passed through * 

it. Another wire passed through the open end of the 
tuhej and could be fixed at greater or smaller distances 
from the first wire.. By means of these wires, they 
madea great number of electrical explosions passthrough 
the water- Bubbles of air appeared at every explo- 
sion, and collected at fhe top of the tube. When elec- 
tric sparks were passed through this air, it exploded 
and disappeared almost completely. It must therefore 
have consisted of a mixture of oxygen and hydrogen 
gas, and this gas must have been formed by the decom- 
position of the water ; for they had taken care to de- 
prive the water beforehand of all its air, and they used 
every precaution' to prevent the access of atmospherical 
air ; and, besides, the quantity of gas produced did not 
diminish, but rather increase, by continuing to operate 
a number of times upon the same water, which could * 

not have been the case had it been merely air dissolved 
in water : nor would atmospherical air have exploded, 
and left only a very small residuum, not more than T x ^th 
part. They had taken care also to prove that the elec- 
tric spark did not ‘Contribute to form hydrogen gas ; for 
on passing it through sulphuric and nitric acids, the 
product was not hydrogen, but oxygen gas *. 

These experiments have been since repeated by Dr 
Pearson, assisted by Mr Cuthbertson. He produced, 
by means of electricity, quantities of gas from water, 
amounting to 56*5488 cubes of -/-^th of an inch each; on 
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nitrous gas being added to which, it suffered a diminu- 
tion of bulk, and nitrous acid appeared to have been 
formed. It must therefore have contained oxygen gas. 
When oxygen gas was added to the remainder, and an 
electric spark passed through it, a diminution took place 
precisely as when oxygen and hydrogen gas are mixed : 
It must therefore have contained hydrogen. When an 
elecric spark was passed through the gas thus produ- 
ced from water, the gas disappeared, being, no doubt, 
converted into water *. 

Such are the proofs by which the component parts of 
water have been ascertained. If we consider them at- 
tentively, and compare them with a vast number of 
other chemical phenomena, all of which tend to confirm 
and establish them, we must allow, I think, that scarce- 
ly any physical fact whatever can be produced, which 
is supported by more complete evidence. There are 
indeed some galvanic phenomena which scarcely seem 
compatible with it ; but the nature of this singular 
power is still too imperfectly understood to warrant 
even a conjecture concerning it. 


II. COMBUSTIBLE OXIDES. 

The oxides formed by all the simple combustibles, 
except hydrogen, are combustible, and of course cannot 
be formed by combustion. The composition of these 
oxides is still imperfectly known, owing to the extreme 
difficulty of examining them. 


* Nicholson’* Jour . i. 24a. These experiments are now made with 
great ea*e by the galvanic apparatus, 
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It is an .opinion at present pretty generally admitted By 
chemists, that carbon is capable of uniting xvith at least 
two doses of oxygen, and of forming two compounds, 
one of which is an oxide, and one an acid. The oxide is 
carbonic oxide , which is a combustible gas. A short 
sketch of the properties of this oxide has been given in 
a preceding part of this Work. But it will be neces- 
sary here to enter more into detail. Besides carbonic 
oxide , it was supposed, from the experiments of Mor- 
veau on the diamond, that there existed another oxide 
of carbon, containing a smaller proportion of oxygen, 
and that this oxide was nothing else than pure charcoal. 
But the late experiments of Messrs Allen and Pepys, 
By demonstrating the inaccuracy of Morveau’s experi- 
ments, have destroyed the evidence upon which that 
supposition was founded. We are at present ignoraht 
of the composition of charcoal, though it has been de- 
monstrated that it contains at least two ingredients, car- 
bon and hydrogen. Till the composition of this sub- 
stance be better ascertained, I shall allow it to retain the 
place in the arrangement of chemical substances which 
was assigned it when it was considered as an oxide of 
carbon. . % 
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I. Of Charcoal and Cardonous Oxide. 


Before the experiments of Morveau on the diamond 
were made known, chemists were accustomed to coti* 
found together carbon and charcoal , though they had 
been carefully distinguished by Lavoisier who indeed 
invented the term carbon , to render it more difficult to 
mistake for charcoal, the substance to which he ap- 
plied it. After these experiments became known, che- 
mists fell into the new mistake of confounding charcoal 
with carlonous oxide > till this error was in some mea- 
sure rectified by Cruickshanks and Berthollet, and till 
the experiments of Allen and Pepys demonstrated its 
inaccuracy, 

Twospe- 1* When charcoal is prepared in the usual way, by 
coa^com^* ex P 0S * n £ w °od in close vessels to a red heat, it always 
mod contains a portion of hydrogen : For if a quantity of 

this charcoal be exposed to a strong heat in a retort of 
porcelain, iron, or coated glass, a great quantity of gas 
is obtained. The gas which comes over first is a mix- 
ture of carbonic acid and heavy inflammable gas ; but 
the proportion of carbonic acid diminishes, and at last 
it ceases to come over at all ; yet the inflammable gas 
continues as copious as ever *. 

The evolution of these gases was long ascribed by 
chemists to the water which charcoal usually contains, 
and which it is known to absorb from the atmosphere 
with considerable avidity. If that were the case, the 
proportion of inflammable gas ought to diminish at the 
same rate with the carbonic acid ; the hydrogen of the 




*-'# Cniichsb sinks, Nicholson's Journal, 1.801* v.M C, 
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©tie being equally derived from the decomposition of 
water with the oxygen of the other. But as the evolu- 
tion of inflammable gas continues after that of carbonic 
acid has ceased, it is scarcely possible to deny, that the 
hydrogen which thus escapes constituted a component 
part of the charcoal. 


Chap, i* 


2. When common charcoal is exposed for an hour And prepay 
in a close crucible to the strongest heat of a forge, it fC£i * 
ceases to emit gas ; and no temperature is sufficient to 
expel gas from charcoal thus treated *. Desormes and 
Clement have endeavoured to demonstrate, that by this 
treatment common charcoal is deprived of the whole 
of its hydrogen. They put a quantity of charcoal, re- 
cently exposed to the heat of a forge, and not yet cold, 
into the middle part of a long glass tube. To each ex- 
tremity of the tube was fixed another tube, filled with 
dry muriate of lime , and surrounded with a mixture of 
snow and salt.' To the extremity of one of these tubes 
Was fixed an empty bladder; to the extremity of the 
other, a bladder containing a quantity of oxygen gas. 

The charcoal was heated to redness by placing the 
tube in a furnace, and then the oxygen gas was made 
to pass slowly over it from one bladder to the other. 

By this contrivance the charcoal was burnt, and con- 
verted into carbonic acid. The oxygen gas, in passing 
through the muriate of lime, was made to deposite the 
moisture which it contained, and the proportion was 
known by the increase of weight of the muriate. If 
the charcoal contained hydrogen, water would be form- 
ed during its combustion, which would unite with the 


$ jDssormcs and Clement, Atm,, de CLim , xxxix. 
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Both con- 
tain some 
hydrogen. 


carbonic acid formed. But this gas would deposite its 
moisture during its passage through the muriate of lime, 
at the other extremity of the tube, and the increase of 
weight which this muriate would experience would in- 
dicate the proportion of water formed during the pro- 
cess. In both cases the muriate of lime was increased 
in weight 0*02 parts. Were we to suppose this in- 
crease owing to the formation of water, the small quan- 
tity would only contain hydrogen to the amount of 
of the charcoal $ a portion too small to be re- 
garded*, 

Iho same chemists tried the combustion of charcoal 
obtained from a variety of other substances exposed to 
the heat of a forge, as pitcoal, animal substances, and 
various .vegetable substances, and found ■ the products 
exactly t^e same. , Hence they conclude that charcoal 
is in all cases the same, provided it be exposed to a 
Strong enough heat. And they conclude^ too, that by 
this strong heat the whole hydrogen of common char- 
coal is expelled. 

But this is going rather farther than their experiments 
will warrant ; and it is directly contrary to the experi- 
ments of Cruick shanks, who always found gases ob- 
tained by means of charcoal, in whatever state, to con- 
tain hydrogen. Besides, Berthollet has pointed out 
circumstances which render the precision of these che- 
mists somewhat doubtful. 

3.. Such are the facts at present known respecting the 
composition of charcoal. They enable us to conclude, 
that there are two species of charcoal, namely, common 
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prepared charcoal* The first contains at least two , Ch *P* ,Y * 
ingredients, carbon and hydrogen ; the second is de- 
prived of a portion of its hydrogen. It consists chiefly 
of carbon , but it still retains a small portion of hy- 
drogen, and is not,, therefore,, strictly speaking, pure 
carbon. 

4. When the diamond is exposed to the action of 
heat and air, it has been observed by different experi- 
menters to acquire a black coat not unlike charcoal. 

This coat may be considered as a combination of carbon 
and oxygen ; it is perhaps carbonous oxide in a state of 
purity. Whether any similar combination exists na- 
tive has not yet been ascertained. 

II; Of Carbonic Oxide. 

The substance at present known by the name of car - Hfsto? % 
ionic oxide , is a gas which had been confounded with 
carbureted hydrogen* till Dr Priestley drew the atten- 
tion of chemists to it in a. dissertation which he pub- 
lished in defence of the doctrine of phlogiston. His 
experiments were immediately repeated, and his opi- 
nions confirmed by Dr Woodhouse of Pennsylvania.- 
But the real nature and composition of the gas was 
discovered by Mr b Cruickshanks of Woolwich, and the 
discovery communicated to the public in 1802^. A- 
bout the time of the publication of Mr Gruickshanks* 
dissertation, the experiment of Woodhouse, which he 
bad transmitted to France, .engaged the attention of the 
National Institute. Guyton Morveau, who had beea' 


Nicholson’s Journal, v. i. and %ou 
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w — * ■ ments, engaged Clement and Desormes to investigate the 

subject ; and these gentlemen were gradually led to the 
same conclusions* which had been previously drawn by 
Cruickshanks. The subjectin the mean time attracted the 
attention of Bertholet, whose experiments induced him 
to form a different opinion respecting the composition 
of charcoal and carbonic oxide from that which had 
been entertained by the other chemists. This opinion 
he supported in three elaborate dissertations, published 
n the fourth volume of the Memoirs of the National 
Institute ; in which he examines the experiments, and 
Gombats the conclusions of the other chemists, with his 
usual sagacity. About the same time a dissertation was 
published by the Dutch chemists, contradicting the ex- 
periments, of all other philosophers, and affirming the 
real results to be very different f* This short historical 
sketch is a sufficient proof of the great difficulty attend- 
ng the investigation. No less than four different opi- 
nions have been maintained, and every one of them by 
men of eminence, of acknowledged skill, and undoubt- 
ed candour. 

Vepara- 1- There are four different processes by which carbo- 
:on * nic oxide gas may be procured : First , When a mixture 
of purified charcoal and the oxides of iron or zinc, or in- 
deed of any oxide capable of bearinga red heat, is expo- 
sed to a strong heat in an iron retort, the oxide is gradu- 
ally reduced, and during the reduction a great quantity of 
gas is evolved. This gas is a mixture of carbonic acid 
gas and another which burns with a blue flame. It is to 


* Ann, di Chim, mxh. $8. and xlii. lai. 


f Ibid, xliii, 
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tills last that the term carbonic oxide has been applied. Chap. I. 
The carbonic acid may be separated by passing the gas 
through lime-water. Mr Cruikshanks tried in this way 
the oxides of iron, zinc, and copper, litharge, and the 
black oxide of manganese. The following conclusions 
result from his experiments : Those oxides which part 
with their oxygen most readily yield the greatest pro- 
portion of carbonic acid ; those that retain their oxyw 
gen most obstinately yield the greatest proportion 
of carbonic oxide. It is always towards the begin., 
ning of the process that the greatest proportion of car*, 
bonic acid gas comes over ; it gradually diminishes* 
and at last nothing but carbonic oxide is disengaged ** 

The results obtained by Clement and Desormes coin- 
cide almost exactly with the experiments of Cruikshanks. 

But they satisfied themselves with the white oxide of 
zincy without trying those of other metals. They sub- 
stituted plumbago for charcoal, knd obtained the same 
results +. 

Second , When a mixture of one part of purified char- 
coal, and three parts of the carbonate of lime, or of stron- 
tian, or of barytes, is exposed to a strong heat in an iron 
retort, the carbonic acid is gradually separated or de- 
composed, and gas is evolved in abundance. This gas 
consists of a mixture of about one part of carbonic acid 
to five parts of carbonic oxide %» In this case a por- 
tion of the carbonic acid of the carbonate is disengaged 
unaltered, but the greatest part of it is converted into 
carbonic oxide by the action of the charcoal. 


* Nicholson** Jour. 1802, v. %. 

} Clement and Desormes, Ibid, 45. 


f Ann* ds* Ch\m . mix. 33$ 
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~j three „above- mentioned earthy carbonates and clean iron 

filings is heated strongly in an iron retort* the carbonic 

acid is decomposed in like manner by the action of the 

iron, and the very same gases are procured in great a- 

bundance. Dr Priestley first tried this method with 

the black oxide of iron and carbonate of barytes ; but 

when Cruickshanks substituted pure iron, the gaseous 

product was considerably increased *. 

Tj'wrthy When carbonic acid gas is made to pass 
slowly and repeatedly through prepared charcoal heated 
to redness in a porcelain or iron tube, it gradually dis- 
appears, and carbonic oxide is found in place of it. 
Here the charcoal decomposes the carbonic acid pre- 
cisely as in the two last cases, with this difference only,; 
that it is in a gaseous state, whereas in them it was com- 
bined with a base. This experiment was first made by 
Cruickshanks +, and afterwards by Clement and De~ 
sormes J. 

How pun- 2. Such are the different processes for procuring car- 
bonic oxide. From the experiments of Cruikshanks 
we learn, that the third method is the only one to be 
depended on for obtaining the gas in a state of purity. 
If equal parts of chalk and iron filings, previously ex- 
posed to a red heat separately in close vessels, be mixed 
together and strongly heated in an iron retort* the gases 
which come over are merely a mixture of carbonic acid 
and carbonic oxide 3 and the first being abstracted by 


* Nicholson’s four. 1802. v. 4. and 308; f Ibid. p. 209. 
£ . 4 tff?* & Cb 'm. * zarix 46 « 
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tSieahs of lime-water, the carbonic oxide g'£s rethaids in < Chap. ^ 
a state of purity. , 

S. Carbonic oxide gas, thus obtained, is. invisible and Pro P crtieSa 
elastic like common air- Its specific gravity, according 
to the experiments of Cruickshanks, is 0*956, that of 
air being l*d00: It is to Common air as 22 to 23. On£ 
hundred cubic inches of it weigh 30 grains. The re- 
sult obtained by Desormes and Clement does not differ 
much from this *; 

Animajs cannot breathe this gas without suffocation. 

Birds put into it by Desormes and Clement dropt down 
dead before they had time to take thfetn out ; and when 
they attempted to breathe it themselves^ the consequence 
was giddiness and faintness +. Neither will any com- 
bustible body burn in it. 

It is not altered by exposure to lights nor by passing 
it through a red hot tube. From the experiments of 
Clement and Desormes, we find that it is dilated by 
heat exactly like common air, as was indeed to be ex- 
pected. 

4i Carbonic oxide gas is combustible. It takes fire Combust 
in the open air when it comes in contact with a red hot Wc " 
body, or when it is presented to the flame of a candle, 
and burns with a lambent blue flame. When mixed 
with common air before it is kindled, it burns more ra- 
pidly and brilliantly j but does not detonate. The com* 

* By taking a mean of their experiments, we obtain the weight of a 
iitreofgas 1*135 grammes, which reduced to our standard gives the weight 
of 100 cubic inches 28*7 grains. Their result would have been still 
nearer Cruikshanks*, had I excluded their trials With some of the light-* 
feit and impurest gases which they obtained; 
f Ann. de Cbim . 
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simple com- 
bustibles. 


bastion is still more rapid and brilliant if we substitute 
oxygen gas for common air. Sometimes it detonates- 
with oxygen, but most commonly the detonation dpes 
«ot take place. 

From the experiments of Gruiekshanks, which have 
been confirmed by those of Clement and Desormes, we 
learn that XOO cubic inches of carboide oxide* in order 
to undergo complete decomposition, must be mixed be- 
fore combustion with 4© ; - cubic inches ©f oxygen gas 
and this mixture, being exploded by electricity in a de- 
tonating tube, is converted into 9T cubic inches of car- 
bonic acid gas. Or* in numbers, 30 grains of carbonic 
oxide require for saturation about 13’© grains of oxy- 
gen ; and the -resulting .compound amounts to 43*6 
grains of carbonic acid gas. No sensible quantity of 
water is formed by the combustion jof mis gas when it 
is procured by the third process, and made as dry .and 
pure as possible before the experiment. 

5. This gas has no action whatever upon the simple 
combustibles at the common temperature of the atmos- 
phere * but its activity is somewhat augmented jby the 
assistance of heat,. 

When passed through melted sulphur, it does not 
combine with it, Tl©r alter its properties.; but it dis- 
solves a little phosphorus,, and acquires the property .of 
burning with a yellow {Lame. When passed through 
red hot charcoal, it dissolves a part of it,, if we believe 
Desormes and Clement,, and Its specific gravity is in- 
creased. The same chemists affirmed* that when a 
mixture of carbonic oxide and hydrogen gas is made to 
pass through a red hot glass tube, charcoal is deposited* 
which lines the inside of the tube with a shining enamej * 
that water is' formed* and hydrogen* seemingly pure. 
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4isf!ttg4ged from the other end of tie tube?. But 
when this experiment wa? repeated by Saussure junior, 
he found that .die supposed enamel of charcoal was 
merely the hl^ck (or rather bluish) colour which flint 
glass acquires when hydrogen is brought in contact with 
it at a rod heat, as had been previously observed by Dr 
Priestley Indeed it is very unlikely that hydrogen 
gas is capable pf decomposing carbonic oxide ; as Sau$- 
sure has shown, that when carbonic acid and hydrogen 
gas are made to pass through a red hot tube, the acid is 

Recomposed, aud carbonic o^tide produced— a result 

Whiuh has been even confirmed by the subsequent ex- 
periments of Clement and Desormes. 

6 . None of the pimple in combustibles produce 
jany change upon carbonic oxide at any temperature 
hitherto tried 5 but the actiqp of oxymuriatic acid gas 
upon it is extremely curious and important. For the 
investigation of this part of the subject we are entirely 
indebted to Mr^ruikshanks, who h^s thereby .disclosed 
to chemists a new and valuable method of trying the 
.^purity und com pqsitipn of the combustible gases* 

If a phi^l be filled with ft jn^^ure of, two measures 
of carbonic oxide gas and s j 2 £ measures qf oXy muriatic 
acid gas $, then closed with a ground stopper, and al- 
lowed to remain for 24 fifurs with its mouth inserted 
under mercury, on drawing the stopper under water* 
two-thirds of the gas are immediately absorbed, and all 
$iereS.t by agitation in lime-water (except £th of a 
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riatic acid* 


* Ann. de Chim. xxxix. 6r. f Jour± de Pbys 4 Iv. 39 6* 

f. Procured by pouring muriatic acid -911 the ,hy per oxy muriate of pot* 
ash* 
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and earths. 


measure of azote)*. Hence we see that tHese tw»> 
gases act upon each other at the temperature of the at- 
mosphere ; that the carbonic oxide gradually abstracts 
<6xygen from the other gas* and is converted into car- 
tonic acid. The oxymuriafic gas thus decomposed is 
converted into muriatic acid,, which is instantly ab- 
sorbed oil tlie admission of water. Thus by the mu- 
tual action of the two gases, the whole is converted 
into carbonic acid and muriatic acid. 

Mr Cruikshanks ascertained that this mixture of car- 
bonic oxide and ©xymuriatic acid gas does not burn 
"When electric sparks are made to pass through it, nor 
is its nature altered ; whereas a mixture of carbureted 
hydrogen and oxymuriatic acid gas explodes immedi- 
ately. This difference enables ns to distinguish carbu- 
reted hydrogen from carbonic oxide with the greatest 
facility f.' 

7. From any experiments hitherto made, it does not 

appear that carbonic oXide is capable of acting on the 
metals % but Clement and Efesormes affirm, that when 
passed hot over the red oXide of mercury, it producer a 
commencement of reduction.- Indeed it is very likely 
that it will be found capable of reducing sever al of the 
metallic oxides, especially those^that part with their oxy- 
gen easily. * 

8. Neither the fixed alkalies, nor the earths have any 
action on carbonic oxide. Neither does ammonia altfer 
it when passed with it in the state of gas through a red 
hot tube 


* Nicholson’s Journal, 1 8©a, v. p. 305 . ■ f Ibid. p. a6 /; - 

t Clement and Desormes, Ann. d& Ckim t xxxix. 6i. 
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From the history of the properties of this gas just t cha P- *• a 
given, it must be obvious at once, that it contains car- Composi- 
bon as an ingredient ; for when fired with oxygen, it tlCH * 
yields carbonic acid gas as a product. That it differs 
from carbureted hydrogen is obvious from its specific 
gravity, from the action of oxy muriatic acid gas, and 
from the result obtained by burning it. As it yields on 
^combustion no perceptible portion of water, it was con- 
cluded by Cruikshanks, and afterwards by Guyton 
Morveau, Desormes and Clement, that it contained no 
hydrogen, and contained no other combustible base be- 
sides carlon . But it requires much less oxygen gas for 
combustion than charcoal. Thus 100 parts of char- 
coal require 257 parts of oxygen to saturate them ; 
whereas 100 parts of carbonic oxide require only 45y 
parts of oxygen ; and in both cases carbonic acid is pro- 
duced. This remarkable difference can only be ac- 
counted for by supposing that the carbonic oxide is al- 
ready combined with a portion of oxygen, and there- 
fore a smaller addition must be sufficient to saturate it. 
Accordingly this was the consequence drawn by Cruik- 
shanks ; and it is impossible to resist the evidence in 
favour of his conclusions. The gas therefore, accord- 
ing to this reasoning, is a compound of carbon and ox- 
ygen. Hence the name carbonic oxide given to it by 
chemists. 

If we suppose, according to the experiments of Lavoi- 
sier, that carbonic acid is composed of 28 carbon and 
72 oxygen, and consider the experiments of Cruik- 
shanks as approaching to accuracy, it will be easy for 
us to ascertain the component parts of this oxide. 

According to Cruikshanks, 30 grains of carbonic ox- 
ide combine by combustion with about 13*6 grains of 
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oxygen, arid the carbonic acid formed atnoiints to a- 
bout 43*6 grains. Hehcfe it follows, that carbonic acid 
is Composed of about 

69 carbonic oxide 
SI oxygen 


100 

But 100 carbonic acid are composed of T2 oxygeti and 
£8 carbon. We have therefore this equation. 

Carbon, Oxygen. Carb.Ox, Oxygen, 

28 -j- 72. — 69 + 31 
Carbon, Oxygen. Carb. Oxide, 

28 4* 41 = 69 

That is to say, 69 parts of carbonic oxide are com* 
posed of 28 parts of carbon and 41 of oxygen. Of 
Course we have per cent . about 
41 carbon 
59 oxygen 


100 carbonic oxide 

And 100 parts of cat bon united to 146 of oXygen form 
246 of carbonic oxide, 

Theory of & ut tkis statement has been called in question f>y 
Ucnhollec. Berthollet, According to this sagacious philosopher, 
there are two different species of inftammable gases 
containing carbon. The first species is coinposed of 
carbon and hydrogen ; the second, of carbon, hydrogen, 
and oxygen. To distinguish these two species from 
each other, be calls the first carbureted hydrogen i the 
second oxy carbureted hydrogen . To the first species 
belong the gases obtained by passing alcohol through 
a red hot tube, by distilling oil, and ty exposing moist 
charcoal to a red heat, &c. To the second species be- 
long the gas produced by exposing charcoal to a strong 



■OT CAHIOKh 


151 


foeat, the gas obtained by distilling sugar, the gas des- Cha p.*. 
cribed in this Section under the name of carbonic ox- 
ide, &c. There are many varieties of these gases, dif- 
fering from each other in the proportions of their in- 
gredients : and the gases belonging to the first species 
may, by various processes, be converted into the se- 
cond. . He calculates the proportion of hydrogen in car- 
bonic oxide to be about ^th of the whale. 

These conclusions are obviously irreconcileable^with 
the experiments of Craikshanks and of Desormes and 
Clement, and cannot- therefore^be admitted without 
very decisive proofs. The carbonic oxide obtained by 
Cruikshanks, when as pirre as possible, yielded no per- 
ceptible quantity of water when burnt with oxygen. 

But Berth diet observes that all gases contain water as 
a Constituent part, and shows that all the water that 
could have been formed would have combined with 
the carbonic acid gas, and remained invisible. Even 
if we were to grant this*, and to allow that some water 
has been formed in every case of the combustion of 
carbonic oxide with oxygen hitherto tried, still Mr 
Berthollet’s hypothesis would stand upon as weak 
ground as ever% For it is obvious from the experi- 
ments of Cruikshanks, that the drier, he made his ma- 
terials the purer was the gas, or the less water was 
formed during its combustion ; and when he employed 
bodies that could not contain any hydrogen except in 
the state of water (namely, dry chalk and tin or iron), 
the gas was obtained purest of : all. 

Mr Berthollet’s chief reason for affirming that car- 
bonic oxide must contain hydrogen is its small specific 
gravity. The specific gravity of 
oxygen gas is 1*1 Q3 
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carbonic oxide 0*956 
carbonic acid 1*500 

The specific gravity of carbon is undoubtedly much 
greater than any of the three. Now when oxygen gas 
combines with carbon, and forms carbonic acid, its 
specific gravity is increased, as happens in other cases. 
But how is it possible, says Berthollet, to conceive that 
the addition of carbon" should diminish the specific gra- 
vityof oxygen gas, as would be the case if carbonic ox- 
ide were composed of these two ingredients only ? Nay, 
carbonic acid, by dissolving an additional dose of car- 
bon, would not only "become specifically lighter than 
before, but even specifically lighter than oxygen gas, 
which Berthollet considers as incredible. But this rea- 
soning is by no means sufficient to induce us to refuse 
credit to the conclusions of truikshanks ; for similar 
instances are by no means so uncommon as Berthollet 
supposes. Mr Davy has given us an example which 
has some analogy to the case under our consideration 
The specific gravity of oxygen gas is 1*103 
azotic gas 0*985 
nitrous oxide 1*603 
nitric oxide * 1*094 


Now when nitric oxide is converted into nitrous oxide 
by abstracting a portion of its oxygen, the heaviest of 
its component parts, its specific gravity is increased* 
This is as great an anomaly as that at which Mr Ber- 
thollet startles. 


* Journals of tbs Royal Institution , i. 3 x 7 . 
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SECT. III. 


OXIDES OF SULPHUR AND PHOSPHORUS. 

We ought now to proceed to the consideration of the 
oxides of sulphur and phosphorus, which constitute the 
remainder of the oxide supporters ; hut these bodies are 
still too imperfectly known to admit of a separate dis- 
cussion. The small number of facts which have been, 
ascertained were detailed in the first Book of this Work, 
while the substances themselves, which constitute the 
bases of these oxides, were under examination. 

III. OXIDE SUPPORTERS. 

The oxides whose bases are the simple incombusti- 
bles cannot be formed by combustion, but make their 
appearance in processes nearly the reverse of combus- 
tion $ and hence it happens that the oxygen which they 
contain is still capable of supporting combustion. Che- 
mists have given the name of oxide to those oxides only 
whose base is azote ; the oxide of muriatic acid has 
been considered as an acid. This will prevent us from 
taking it into consideration in this Chapter ; but a 
sketch of some of its most important properties was 
given when we were treating of its base. 
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SECT* IV. 


OF THE OXIDES OF AZOTE, 


Azote and oxygen form two different oxides, both of 
whidh were discovered by Dr Priestley. They can •> 
only be exhibited in the state of a gas : Hence the first 
of them has been called nitrous oxide gas $ the second, 
nitric oxide gas. • 


History. 


Prepara* 

don. 


L NitR’bus Oxide Gas. 

Nitrous oxide gas was discovered by Dr Priestley 
about the year 1776, and called by him d-eph logistic at ed 
nitrous gas. The associated Dutch chemists examined 
it in 1793, and demonstrated it to be a compound of 
azote and oxygen *. But for a full investigation of its 
properties we are indebted to Mr Davy, who published 
an excellent dissertation on it in the year 1800. He 
gave it the name of nitrous oxide +. 

1. It may be procured by the following process : 
take any quantity of nitrate of ammonia (a salt compo- 
sed of nitric acid and ammonia) in crystals, and expose 
it in a retort, by means of a lamp, to a heat not under 
340% nor above 500°. It melts rapidly, and is de- 
composed, emitting a great quantity of gas, which is* 

* Jour. i?e feh’ys. ilii. 323. 
f Researches-^ chiefly concerning Nitrous Oxide. 
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^ues frbm the mouth of th£ retort, and may be received 
in glass jars in the usual manner. The gas which 
comes over is nitrous oxide . This process was first 
pointed out by Berthollet ; but it was much simplified 
by Mr Davy *. 

2. Nitrous oxide gas, thus obtained, ha$ all the me- Properties, 
dhanical properties of air : but it is much heavier than 
*air; its specific gravity, according to Davy, is l*603 f 
that of air being l*oti6. It is to common air nearly as 5 
io 3 One hundred cubic inches of it, at the tempe- 
rature of ^6°, barometer at 3 6 inches. Weigh 49*106 
grains. 

It is capable of supporting combustion even better 
than common air ; almost as well indeed as ojcygen gas. 

A candle burns in it with a brilliant flame and a crack- 
ling noise. No combustible, however, burns in it, un«< 
less it be previously brought to a state of ignition. 

Dr Priestley and the Dutch chemists had concluded 
that it cannot be respired , but they did not examine it 
iria state of purity %. Mr Davy ascertained that it 
may be breathed for several minutes u/ithout ariy bad 
effects. The feelings produced by breathing it bear a 
strong resemblance to intoxication 5 but they are not 
followed by that langour and debility which is a con- 


* Mr Proust has remarked, very justty, that the gai which coirijft 
over at the Beginning of the process differs a little from nitrous oxide* 
and yet it is not nitrous gas, 
f I)avy*s Researches , p. 94 . 

t Dr Pries' ley indeed found, in one instance, that a mouse breathed it 
five minutes without uneasiness. In this experiment he seems to have 
obtained it nearly pure,— Priestley, ii 84 . 
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Book 3 X stant attendant of intoxication *. It cannot be breathed 
> — 5 |_. * longer than about four minutes, without the loss of vo- 
luntary motion altogether. When animals are confined 
in it, they give no signs of uneasiness for some mo- 
ments ; but they soon became restless, and, if not re- 
moved in a very few minutes, die altogether. Hence 
we see that, though this gas be respirable, it is much 
less so than common air or oxygen gasf. 

Action of 3, This gaseous oxide is absorbed pretty rapidly by 
W a vrater, as Dr Priestley ascertained, especially when agi- 
tated. Water absorbs 0*86 parts of its bulk of this 
gas, or according to Dalton nearly its own bulk of it. 
It acquires, a sweetish taste y but its other properties do 
not differ perceptibly from common water. The .whole 
of the gas is expdled unaltered by boiling the water 



* Mr Davy describes the effects it had upon him as follows : “ Ha- 
ving previously closed my nostrils and exhausted my lungs, l breathed 
four quarts of nitrous oxide from and into a silk bag. The first feelings 
were similar to those produced in the last experiment (giddiness) 5 but 
in less than half a minute, the respiration .being continued, they diminish- 
ed gradually, and were succeeded by sensations analogous to ge t ntle 
pressure on all the muscles, attended by an highly pleasureable' thrilling, 
particularly in the chest and the extremities. The objects around me be- 
came dazzling, and my hearing more acute- Towards t the last inspira- 
tions, the thrilling increased, the sense of muscular power became great- 
er, and at last an irresistible propensity to action was indulged in j I re- 
collect but indistinctly what followed ; I know that my motions were 
various and violent. ■ * ' 

M These effects very soon ceased after respiration. In ten minutes^ 
had recovered my natural state of mind. The thrilling in the extremi- 
ties continued longer than the other sensations.*’ Davy’s Researches , p. 

457 . The gas has been breathed by a very great number of persons, and 
almost every one has observed the same things. On some few, indeed, it 
has no effects whatever, and on others the effects are always painful, 
f Davy’s Researches , p. 94. | Priestley, ii. Si. 
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When this gas combines with the water, it expels the 
common air which was formerly dissolved in the water. 
Hence the residuum of common air, which always apw 
pears when this gaseous oxide is exposed to a sufficient 
quantity of water *. 

4. This gas is not altered by exposure to light, nor to 
any heat below ignition ; but when made to pass through 
a red-hot porcelain tube, or when electric sparks are 
made to traverse this gas, it is decomposed, and convert- 
ed into nitric acid and common air +. 

5. There is no action between this gas and air or 
oxygen gas, 

6. Sulphur, at the common temperature of the air, is 
not altered by this gas. If it be introduced into it while 
burning with a blue flame, it is immediately extinguish- 
ed ; but if introduced while burning with a white flame, 
it continues to burn for some time with great brilliancy, 

■ and with a fine red flame. The products are sulphuric 
’•acid and azote. When about the half of the nitrous 
oxide is decomposed, the sulphur is extinguished J. 

Phosphorus may be melted and sublimed in this gas 
without alteration; it may be even touched with a red, 
hot wire without undergoing combustion ; but when 
touched with a wire heated to whiteness, it burns, or ra- 
ther detonates, with prodigious violence. The products 
are, azotic gas, phosphoric acid, and nitric acid: a part 
of the oxide remains undecomposed [}. 

Charcoal, confined in this gaseous oxide, may be 
kindled by means of a burning-glass. It continues *<> 


* Davy, p* 89. f Priestley, u. 91. and' Davy,, ibid, p„ a 7 9. 

| Davy. ibid, p* 303', ft Ibid. 
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Barn with great brilliancy, till about the half of the gas 
is consumed ♦ The products are carbonic acid gas and 
azotic gas *. 

Hydrogen gas and nitrous oxide gas detonate violent- 
ly with a red flame, when a strong red heat is applied* 
or when the electric spark is made to pass through the 
mixture. When the proportion of hydrogen is nearly 
equal to that of the oxide, the products are water and 
azote ; when the proportion of hydrogen is small, nitric 
acid is also formed f. 

Sulphureted,phosphureted, and carbureted hydrogen 
gas, likewise burn when mixed with nitrous oxide, and 
exposed to a strong red heat. The products differ ac- 
cording to the proportions of the gases mixjed. 

7. Neither azptp nor muriatic acid appear to haye 
any piarked action on this gaseous o^ide. 

8. On some of the metals it acts with great energy 
at high temperatures. Thus iron wire burns in it with 
the same brilliancy as in oxygen g^s, though the com- 
bustion lasts but a very short time. The iron is con* 
verted into black oxide ; part of the nitrous oxide is de* 
composed, its azote is evolved* while its oxygen com- 
bines with the iron Zin,c also may be oxidized in 
this gas §. Its effect upon the other metals has notice** 
tried. 


9. Oxide of azote is capable of combining ynt,b al- 
lies, and forming salts of a very peculiar patui;e ; for the 
Cjisepvery 0 f which we are indebted to the sagacity of 
JP.ayy. No combination takes p}j|ce when th&.ft&a- 


* Davy, p. 31 1. 
3 Ibid. ii. £6. 


| Priestley, ii. 83. and ; D>*y, p* 7$* 
§Dav3[, p.317. 
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Kea pare exposed to nitrous oxide in the ga$eop§ state. , c ^ a P- T< , 
Butt if come into contact with them at the instant of 
its formation, it combines with them very readily* As 
these combinations have not yet received a name* we 
may call them {motites till some better appellation be 
thought of*. 

Azotite of potash may be formed by the following 
process ; Nitrons gas (a substan.ce which will be descri- 
bed immediately), by ppnfining in it crystallised sul* 
phite ,crf potash f * is gradually deprived of a portion of 
its oxygeo, and .conyerted into nitrous oxide. If very 
finely pulverised sulphite of pptash* mixed with potash* 
he exposed for a great length of time in a sufficient 
quantity of nitrons gas, it is .changed almost complete- 
ly into sulphate of potash, while the o^de of azpte, as it 
is evolved, combines with the pure potash. Copse-** 
quently the salt is .converted into a mixture of sulphate 
of potash and azotite of potash* The sulphate may be 
separated by solution, evaporation, and orystallixatipn 
in a lpw temperature. 

Azotite of potash is obtained in irregular crystals. 

It is composed of about three parts of alkali and one 
-part of nitrous oxide., ft is soluble in water. Jts taste 
is caustic, and it has a peculiar pungency. Jt converts 
vegetable blues into green. Pulverised charcpaj^ rmx-r 


♦ Mr Davy Has proposed to call them nltr'.xU ; Hut this- name Is ex- 
ceptionable, not only because it is contrary to the idiom of the English 
language, but because it is inconsistent with the rules laid down for 
forming chemical terms. 

f Potash combined with sulphurous acid. This salt has a strong affi- 
nity for oxygen* It absorbs it from nitrous gas, and is converted inte- 
state of $otatk Hence the change of nitrous gas to nitrous otidc. 
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ed with if, and inflamed, burns with slight scintillations*' 
When projected into zinc in fusion, a slight inflamma- 
tion takes place. All acids, even carbonic, seem capa- 
ble of expelling the nitrous oxide from the potash 
The other properties of this salt have not been exa- 
mined. 

Azotite of soda may be formed in the same manner, 
and seems to agree nearly in its properties with azotite 
of potash. The nitrous oxide is disengaged from it by 
a heat of between 400® and 500°. Its taste is more 
acrid than that of azotite of potash, and it seems to con- 
tain less oxide of azote f. 

Mr Davy did not succeed in combining nitrous oxide 
with ammonia and earths ; but he has rendered it pro- 
bable that these azotites may be formed. 

Cotnpoal- 10. From the history of the properties of nitrous ox* 
tion. ide g as j ust bailed, it is obvious that it is a supporter 

of combustion, and therefore that it contains oxygen in 
the same state as it exists in other supporters. That its 
other component part, is azote, cannot be doubted, if we 
consider that either azote or nitric acid is constantly 
evolved when nitrous oxide is decomposed. The expe- 
riments of Mr Davy leave no doubt that these two sub- 
stances are its only constituents. This philosopher found 
that 39 measures of nitrous oxide gas are capable of sa- 
turating 40 measures of hydrogen, and that after com- 
bustion the residue consists of 41 measures of azotic gas. 
But 40 measures of hydrogen were found to require 
20*8 measures of oxygen J. From this it follows, that 
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* Davy, p 4 36*. 
f Ibid. p. 29X, 


f Ibid* p. »6S • 
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If the component part of nitrous oxide were merely 
mixed together, the bulk of them would occupy a third 
more room than when combined ; for 40 measures of 
/ nitrous oxide would be resolved into 20*8 measures of 
oxygen gas and 40 measures of azotic gas * r But 20*8 
cubic inches of oxygen gas weigh about seven grains, 
and 40 of azotic gas about 12 grains* Hence it follows, 
that nitrous oxide is composed of seven parts by weight 
of oxygen, and 12 of azote, or nearly 
68 azote, 

37 oxygen, 

100 

This statement coincides very nearly with the specific 
gravity of nitrous oxide. Thirty-nine cubic inches of 
nitrous gas, if the composition here given were precise, 
ought to weigh 19*38 grains. In reality they weigh 
19*69 grains. The component parts of this gas, as ob- 
tained by the Dutch chemists, differ very little from the 
result of Mr Davy’s experiments. 

Much is still wanting to render the history of this 
singular substance complete. Mr Davy has laid open a 
very interesting field of investigation, which promises, 
if pursued far enough, to throw much light upon the 
nature of combustion : an operation more intimately 
connected with azote and its compounds than is at pre- 
sent supposed. 



* I omit one measure, because the gases were not absolutely pure, 

VoL II, L 



OXIDES 


. 1*2 

Book II. 

Division IT. 

- II. Nitric Oxide. 

History. Nitric oxide, usually denominated nitrous gcts 9 v>J 2 , t & 
obtained accidentally by Dr Hales ; but its nature and 
properties were investigated by Priestley, in one of the 
first excursions made by that illustrious philosopher 
into the then unbeaten tracts of pneumatic chemistry. 
As the phenomena exhibited by this oxide are inti- 
mately connected with the most important investiga- 
tions in chemistry, its properties were examined with 
great care, and occupied the attention of almost every 
chemist of eminence. 

don ?ara ~ ^ ma 7 obtained by the following process: 

Put copper .or mercury into a glass retort, and pour 
over it somewhat diluted nitric acid. The metal is 
rapidly dissolved with a .strong effervescence, and a 
great quantity of gas issues from the mouth of the re- 
tort, which may be received in glass jars. .This gas is 
nitrous gas. .... 

Properties. 2 . When pure it is invisible like common air, of 
which it possesses the mechanical properties. Its spe- 
cific gravity is 1*094, that of air being 1*000, accord- 
ing to Davy *.' Nitrous gas, then, is to common air 
nearly as 34 to 31. One hundred cubic, inches of it, 
at the .temperature of 60°, barometer 30 inches, weigh 
33*923 grains. 

Nitrous gas is exceedingly noxious to aninlals, pro- 
ducing instant suffocation whenever they attempt to 
breathe it. 


*■ Researches) p, 6 • 
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Thfe greater number of combustible bodies refuse to 
burn in it : A taper, for instance, is extinguished the 
moment it is plunger* into nitrous gas ; the same thing 
happens to sulphur, even though previously burning 
with a white flame. It is capable, however, of support- 
ing the combustion of several bodies, as has been ascer- 
tained by the experiments of Priestley and Davy. 
When Homberg’s pyrophorus * is introduced into ni- 
trous gas, it takes fire spontaneously* just as it does in 
common air. Phosphorus, too, when introduced into 
this gas in a state of inflammation, burns with as much 
splendour as in oxygen gas +. 

4. When nitrous gas and common air are mixed to- 
gether, the mixture instantly assumes a yellow eolouf, 
heat is evolved, and the bulk of the two gases dimi- 
nishes considerably; slowly, if the experiment be made 
over mercury ; but rapidly* if it be made over water* 
When the- diminution has reached its maximum* the 
mixture becomes perfectly transparent. The yellow 
colour is owing to a quantity of nitrous add which is 
formed, and the diminution of bulk to the gradual ab- 
sorption and condensation of this acid. What remains 
after this absorption is only azotic gas. The cause of 
this remarkable phenomenon is obvious. The nitrous 
gas combines with the oxygen of the air, and forms 
nitrous acid which is condensed ; while the azote of 
the air remains behind in the form of a gas. Hence 
with equal quantities of nitrous gas and air the diminu- 
tion of bulk is always proportional to the quantity of 
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* This substance will be described hereafter. The combustible' part 
of it is charcoal and sulphur, 
t Davy, p. 134. 
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oxygen present in the air. Hence it informs us of the- 
proportion of that substance in any particular air. The 
same phenomenon takes place when oxygen gas and ni- 
trous gas are mixed ; but the condensation is much 
more considerable. Indeed it would be complete, pro- 
vided the two gases were perfectly pure, and mixed in 
the proper proportions. 

From the experiments of Mr Dalton we learn that 
nitrous gas combines with two different proportions of 
oxygen gas../ 21 measures of oxygen gas uniting 
either with 36 measures of nitrous gas, or with 72 mea- 
sures 

When electric sparks are made to pass through ni- 
trous gas, it is decomposed and converted into nitrous 
acid and. azotic gas f, 

5- Nitrous gas is readily absorbed by water. From 
an experiment of Mr Davy, it appears that 100 cubic- 
inches of water at the common temperature, and pre- 
viously freed from air, absorb 11*8 cubic inches of ni- 
trous gas, or nearly one- tenth, as Dr Priestley had as- 
certained ; but the experiments of Dr Henry do not 
accord with this estimate. Water, by his trials, at the 
temperature of 60°,. absorbs only five per cent . of its 
bulk of this gas %. This solution has no particular taste, 
and does not redden blue vegetable colours. The gas 
is expelled again by boiling the water §; it separates 
likewise when the water is frozen j[. 

6. Nitrous gas is decomposed by phosphorus and 
charcoal at a very high temperature, and probably als$. 


* Phil, Mag. xxiii. 35 T, 
t Phil. Trans . 1 803, p. 274. 
(I 'Priestley, ii. 4c 7. 


f Priestley, ii. 22* 
§ Davy, p. 143. 
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by sulphur. These substances are converted into acids 
'by combining with the oxygen of the gas while its azote 
is evolved. 

Hydrogen gas mixed with it acquires the property of 
burning with a green flame. A mixture of these two 
gases does not take fire when electric sparks are made 
to pass through it ; but according to Fourcroy, it de- 
tonates when made to pass through a red hot porcelain 
tube ; water is formed, and azotic gas is evolved *. 

7 . Nitrous gas has no action whatever on azotic gas, 
even when assisted by heat. Neither does it act on 
muriatic acid. 

8 . Several of the metals have the property of decom- 
posing it, especially when assisted by heat. This is the 
case particularly with iron. Dr Priestley confined a 
portion of nitrous gas for some time in contact with a 
number of iron nails 4 the gas was converted into oxide 
of azote, in consequence, doubtless, of the iron ab- 
stracting part of its oxygen f. It was in this manner 
that nitrous oxide was discovered by that philosopher. 
When the iron is heated to redness by means of a burn- 
ing-glass, the decomposition is complete, the whole of 
the oxygen is abstracted from the nitrous gas, and only 
azotic gas remains behind %, 

9. Dr Priestley ascertained that nitrous gas is ab- 
sorbed by the green sulphate of iron ; a property which 
is employed successfully to ascertain its purity. All 
that is necessary is, to expose a given portion of nitrous 
gas in a close vessel to the action of the green sulphate $ 
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* Fourcroy, ii, 91. 
t Ibid, p, 38. 


f Priestley, ii, 54. 
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the quantity of gas which remains unabsorbed gives 
the proportion of foreign bodies with which it is mixed. 
Mr Davy has proved, that all the salts containing the 
black oxide of iron possess the same property, and that 
they all absorb nitrous gas unaltered* The greatest 
part of it may even be expelled again by the applica- 
tion of beat* Several other metallic salts possess the 
same properties *. 

10. The following bodies have the property of con- 
verting nitric oxide into nitrous oxide. 

Alkaline sulphites, 

Hydrogureted sulphurets. 

Muriate of tin, 

Snlphureted hydrogen gas. 

Iron or sine filings moistened with water. 

To produce this effect, nothing more is necessary 
than to put these substances into jars filled with nitric 
pxide gas, and allow them to remain for a week or two. 
The substances gradually combine with a portion of 
oxygen, and are converted into oxides or salts f. 

11. Nitrous gas is absorbed by alkaline solutions; 
but it does not appear from the experiments hitherto 
made, that it is capable, like oxide of azote, of com- 
bining with alkalies and earths, and forming salts. 

Composl- 12 . The conversion of nitric oxide gas into nitric acid, 
pwn ‘ by combining it with oxygen, is a demonstration that it 
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** Davy, p. 179. 

f Priestley and Davy, frjsm . — Daring the action of the two last bo 1 * 
on nitrous gas, ammonia is likewise formed* 
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r wntanis azote as a constituent part ; and the property 

which several bodies have of absorbing oxygen from 
it, and converting it into nitrous oxide gas, is a demon- 
stration that oxygen is'the only other ingredient which 
it contains. But it is by no means easy to ascertain 
the proportion of these two constituents. Mr Lavoi- 
sier, from a set of experiments made at an early period, 
-and in a manner not susceptible of much accuracy, es- 
P timated their proportions at about '68 oxygen and 32 

azote.- But this estimate is irreconcileable with the ex- 
periments of other philosophers. The proportions ob- 
tained by Mr Davy deserve much more confidence, as 
his method was susceptible of greater accuracy. By 
means of a burning-glass he exposed to the action of 
the sun’s rays a small portion of prepared charcoal, 
placed in a measured quantity ofnitric oxide gas stand- 
V ing over mercury. The weight of the charcoal did 

not exceed a quarter of a grain, and the gas amounted 
to 16 very small measures. After the process was 
finished, the bulk of the gas was increased .about |-ths 
of a measure. The whole of the nitric oxide was de- 
composed. Potash ley rapidly absorbed the whole of 
.the gas except eight measures, which were pure azote. 
But the gas originally was found by experiment to con- 
tain 0*6 of a measure of azote. Therefore 15*4 
measures of nitric oxide, when decomposed by char- 
coal, are converted into 16*15 measures ; 7*4 of which 
are azote, and 8*75 carbonic acid. But 15*4 measures 
of nitric oxide weigh 5*2 grains, and 7*4 measures of 
azote weigh 2*2 grains. Hence it follows that 5*2 grains 
•of nitric oxide contain 2*2 of azote ; the remaining 3 
grains must be oxygen. This gives us nitric oxide 
-composed of 2*2 azote and 3 oxygen, or of 57*7 oxy- 
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weighed 4*1 grains, and contained 1*15 grains ot char- 
coal combined with 2*95 grains of oxygen, which it had 
absorbed from the nitric oxide® This gives us 5*2 grains 
of nitric oxide, composed of 2*95 oxygen and 2*25 
azote ; or 100 parts contain 51 oxygen and 43 azote*, 
which differs very little from the last estimate *. Wc 
may consider the last numbers as the nearest approxi- 
mations to the composition of nitric oxide® 

The proportion of oxygen contained in the com- 
pounds of azote, according to these results, may there- 
fore be stated thus : 


Azote. 

Oxygen. 


100 

58*7 

L 

Nitrous oxide 

100 

136 

Nitric oxide 

100 

236 

Nitric acid 


Hence it follows that 
Nitrous 

Azote, Oxygen. oxide. Nitric 

1*00 -f- 0*58 zn 1*58 Oxygen. oxide. Nitric 

1*58 -f- O a 78 = 2*36 Oxygen. acid. 

2-36 + 1*00 = 3*36 


$ Dairy, p. 119, 
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OF ACIDS. 


The word Acid, originally synonymous with Sour, 
and applied only to bodies distinguished by that taste, 
has been gradually extended in its signification by che- 
mists, and now comprehends under it all substances 
possessed of the following properties : 

X, When applied to the tongue, they excite that sen- 
sation which is called sour or acid. 

' 2. They change the blue colours of vegetables to a 
red. The vegetable blues employed for this purpose 
are generally infusion of litmus and syrup of violets or 
of raddishes, which have obtained the name of reagents 
or tests. If these colours have been previously con- 
verted to a green by alkalies, the acids restore them 
again. 

3. They unite with water in almost any proportion. 

4. They combine with all the alkalies, and most of 
the metallic oxides and earths, and form with them 
those compounds which are called salts. 

It must be remarked, however, that every acid does 
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not possess all these properties ; but all of them possess 
a sufficient number of them to distinguish them from 
other substances. And this is the only purpose which 
artificial definition is meant to answer. 

The acids are by far the most important class of bo- 
dies in chemistry. It was by their means indeed, by 
studying their properties, and by employing them as 
instruments in the examination of other bodies, that 
men of science laid the foundation of chemistry, and 
brought it to that state in which we find it at present. 
The nature and composition of acids, therefore, be- 
came a very important point of discussion, and occu- 
pied the attention of the most eminent cultivators of 
the science. 

Paracelsus believed that there was only one acid prin- 
ciple in nature which communicated taste and solubility 
to the bodies in which it was combined. Beecher em- 
braced the same opinion ; and added to it, that this acid 
principle was a compound of earth and water, which he 
considered as two elements. Stahl adopted the theory 
of Beecher, and endeavoured to prove that bis acid prin- 
ciple is sulphuric acid ; of which, according to him, all 
the other acids are mere compounds. But his proofs 
were only conjectures or vague experiments, from which 
nothing could be deduced. Nevertheless, his opinion, 
like every other which he advanced in chemistry, con- 
tinued to have supporters for a long time, and was even 
countenanced by Macquer. At last its defects began to 
be perceived : Bergman and Scheele declared openly 
against it ; and their discoveries, together with those 
of Lavoisier, demonstrated the falsehood of both parts 
of the theory, by showing that sulphuric acid does not 
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exist in the other acids, and that it is not composed of 
water and earth, hut of sulphur and oxygen. 

The opinion, however, that acidity is owing to some 
principle common to all the salts, was not abandoned. 
Wallerius, Meyer, and Sage, had advanced different 
theories in succession about the nature of this prin- 
ciple ; but as they were founded rather on conjecture 
and analogy than direct proof, they obtained but few 
advocates. At last Mr Lavoisier, by a number of in- 
genious and accurate experiments, proved that several 
combustible substances when united with oxygen form 
acids ; that a great number of acids contain oxygen ; 
and that when this principle is separated from them, 
they lose their acid properties. He concluded, there- 
fore, that the acidifying principle is oxygen, and that 
acids are nothing else but combustible substances com- 
bined with oxygen, and differing from one another ac- 
cording to the nature of the combustible base. 

This conclusion, as far as regards the greater num- 
ber of acids, is certainly true. All the simple combus- 
tibles, except hydrogen, are convertible into acids ; and 
these acids are composed of oxygen and the combus- 
tible body combined. This is the case also with four 
of the metals. It must not, however, he admitted with- 
out some limitation. x 

1. When it is said that oxygen is the acidifying prin- 
ciple, it is not meant surely to affirm that oxygen pos- 
sesses the properties of an acid, which would be con- 
trary to truth ; ali that can be meant is, that it enters 
as a component part into acids, or that acids contain it 
as an essential ingredient. 

2. But, even in this sense, the assertion cannot be ad- 
mitted as demonstrated. For it has not yet been shown 
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p msion il r j at j c ac j^ f or exam pi 6j has no t y e t been proved to 

contain oxygen, and the same observation applies 
to some other substances universally admitted among 
acids. 

3- When it is said that oxygen is the acidifying prin- 
ciple, it cannot be meant surely to affirm that the com- 
bination of oxygen with bodies produces in all cases an 
acid, or that whenever a body is combined with oxygen, 
the product is an acid ; for the contrary is known to 
every chemist. Hydrogen, for instance, when combi- 
ned with oxygen, forms not an acid, but water, and the 
greater number of metallic bodies form only oxides. 

The recent discoveries of Mr Davy render this, if 
possible, still more obvious. For we now know that 
the alkalies contain oxygen, and that they are as much 
indebted to thaj; principle for their alkaline qualities as 
the acids are to it for their acid qualities. 

All that can be meant, then, when it is said that oxjr- 
gen is the acidifying principle, is merely that it exists 
as a component part in the greater number of acids ; 
and that many acids are formed by combustion, or by 
some equivalent process. The truth is, that the class 
of acids is altogether arbitrary $ formed when the great- 
er number of the bodies arranged under it were un- 
known, and before any precise notion of what ought 
to constitute the characteristic marks of an acid had 
been thought of. New bodies, when they were disco- 
vered, if they possessed any properties analagous to the 
known acids, were referred without scruple to the same 
class, how much soever they differed from them in other 
particulars. Hence we find, under the head of acids, 
bodies which have scarcely a single property in com- 



A0JD3, 


173 

mon except that of combining with alkalies and earths.- Qhap- 
What substances, for instance, can be more dissimilar 
than sulphuric,, prussic, and uric acids ? Hence the dif-* 
ficulty of assigning , the general characters of the class 
of acids, and the disputes which have arisen about the 
propriety of classing certain bodies among acids. If 
we lay it down as an axiom that oxygen is the acidify- • ' 
ing principle, we* must either include among acids a 
great number of bodies which have not the smallest re- 
semblance to those substance? which are at present 
reckoned. acjds^ or exclude from the class several bodies 
which have the properties of acids in perfection. The 
class of acids being perfectly arbitrary, there cannot be 
such a thing as an acidifying principle in the most ex-» 
tensive sense of the word. 

Berthollet has lately proposed a definition of acid, which, 
though not unexceptionable, gives ns, I think, more 
precise notions of this elass of bodies' than those former- 
ly entertained. Acids, according to him, are bodies 
capable of combining with alkalies, and of neutralizing 
them, while, at the same time, they lose their acidity 
According to this notion, the capacity of neutralizing 
each other constitutes the essential characters both of 
acids and alkalies ; and that acid which is capable of 
neutralizing the greatest quantity of alkali possesses the 
character of acidity in greatest perfection.. Were this 
definition admitted, several bodies at present arranged 
among acids would be excluded from that class. The 
greatest objection to it is the existence of some substan- 
ces which occasionally act the part both of acids and * 


aS 'fatigue Chemiquty i. 69. 
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alkalies, and ought therefore to belong to both sets of 
substances. But perhaps these bodies {the metallic ox- 
ides) do not rigidly neutralize alkalies, and therefore 
approach more closely to that class. Besides, we can 
scarcely expect perfect precision in our arbitrary classi- 
fications. i© 

As he class of acids comprehends under it a consi- 
derable number of bodies, the subdivision of them un- 
der subordinate heads will be attended with consider- 
able advantage. Now, all the acids, like the oxides,, 
are either products of combustion, or supporters of com- 
bustion, or combustible . And upon examination, it must 
appear evident that each of these classes possesses such 
characters of distinction as to warrant their being con- 
sidered separately. I shall therefore divide the acids 
into the three following classes : 1. Products ;> 2. Sup- 
porters y 3 . Combustibles. The acids belonging to the 
two first classes have only a single base ; but those be- 
longing to the third have usually two or more bases, 
and are sometimes destitute of oxygen.. 



ACIDS. 


115 


CLASS I. 

OF ACID PRODUCTS* 


Chap. II. 



All the acids which belong to this class possess the 
following properties. 

1. They may be formed by combustion. Of course Pr op e rti<t$. 
their base is a combustible substance. 

2. They are incombustible. 

3; They cannot be decomposed by the action of the 
most violent heat which can be applied *. . 

4. They are all decomposable by the joint action of 
a combustible body and caloric. 

5. Oxygen is an essential ingredient in all of them. 

To them, therefore, the theory of Lavoisier applies with 
precision. 

Some of* the simple combustibles are capable of ‘com- 
bining with two doses of oxygen, and forming acids 
with each. When that happens, the acid containing 
the minimum of oxygen is distinguished by the termi- 


* To this property there are some exceptions. It appears from the 
late experiments of Gay-Lussac that sulphuric acid is decomposable by 
heat. Mem. d'Areueil, i, 215, 
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nation ous ; that which contains the maximum, by the 
termination ic . Thus the acid of sulphur, with a mi- 
nimum of oxygen, is sulphurous acid ; the acid of sul- 
phur, with a maximum of oxygen, is sulphuric acid. 
But it must be remarked, that this mode of distinguish- 
ing the doses of oxygen in acids is restricted to the 
first class of acids, and does not apply to the other two 
classes, except in one instance. 

The acid products at present known are only five in 
number : but I am obliged to add to them* from analo- 
gy, two other acids, which have not hitherto been de- 
compounded, but whose properties bear a much closer 
tin the : products >th an 1 ; to any of the other 
classes of acids. The following TaB14e exhibits the 
-ti&ntes and constituent parts of these acids as far as they 


have been ascertained. 


Names. 

Base?. 

• Proportion oP 
oxygen to ioobase. 

Sulphuric , 
Sulphurous 

Sulphur 

136*5 

88*6 

‘ Phosphoric 
Phosphorous 

Phosphorus 

114*7 

Carbonic 

Carbon 

2 57 

Fluoric 

Boracic 

Unknown 



From this Table it is obvious that the acids belonging 
to this class are named from their bases. The two last, 
the component parts of which are unknown, are deno- 
jninated from the substances which contain them most 
abundantly. 
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Though the Ancients were acquainted with some of 
the compounds into which sulphuric acid enters, alum , 
for instance, and green vitriol, they appear to have been 
ignorant of the acid itself. It is first mentioned in the 
works of Basil Valentine, which were published about 
the end of the 15th century. It was for a long time 
obtained by distilling green vitriol, a salt composed- of 
sulphuric acid and black oxide of iron ; hence it was 
called oil of vitriol, and afterwards vitriolic acid . An- 
other method of obtaining it was by burning sulphur 
under a glass bell \ hence it was called also oleum sul~ 
phuris per campanam, The French chemists, in 1787, 
when they formed the new chemical nomenclature, gave 
it the name of sulphuric acid . 

1. At present it is generally procured by burning a 
mixture of sulphur and nitre in chambers lined with 
lead. The theory of this process es still somewhat ob- 
scure. When sulphur is burnt in the open air or in ox- 
ygen gas, however high the temperature, only sulphu- 
rous acid is produced, and no appreciable quantity of 
sulphuric acid. If the sulphur be mixed with black 
oxide of manganese or any metallic oxide which readily 
parts with its oxygen, the combustion is more brilliant, 
but still sulphurous acid only is produced. No other 
VoL 11 . M 
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Book fT. method is known of producing; sulphuric acid by the 

Bivision IT. , * ° . . 

< y— - combustion of sulphur, excepting mixing it with nitrate 

of potash. Now' the difficulty is to explain the part 
which the nitre acts. The quantity used varies, from a 
fifth to a tenth of the sulphur burnt ; and according to 
the experiments of Chaptal, the best proportion is a 
seventh *. Now the whole oxygen contained in this 
portion of nitre does not exceed the seventh part of the 
oxygen necessary to convert the sulphur into sulphuric 
acid. It is obvious, therefore, that the necessity of the 
nitre does not arise from its supplying the requisite 
quantity of oxygen. The most probable explanation 
has been furnished by Clerpent and Desormes. Ac- 
cording to them, the nitric acid in the nitre is decom- 
posed by the combustion,. deprived of a portion of its 
oxygen, and emitted in the state of nitrous gas, while 
the sulphur is converted- into sulphurous acid gas, which 
flies off mixed with the nitrous gas*- The nitrous gas ab- 
sorbs oxygen from the air of the apartment, and is con- 
verted into nitric acid, which- immediately gives out its 
oxygen to the sulphurous acid and converts it into sul- 
phuric acid. The nitrous gas is thus formed a second 
time ; it absorbs oxygen a second time, and gives it a- 
way as before ; and this process is repeated till the 
whole sulphurous acid is converted into sulphuric 
acidf. 

The sulphuric acid, when first formed, is very weak, 
being diluted with the water necessary for condensing 
it ; but it is made stronger by distilling off a portion 
of this water. By this process it is made quite trans- 


Cbimk appliance aux arts , iii. 40. 


f Ann. de Chins, Ik- 329. 
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parent; but it still contains a little lead, which it dissolved 
from the vessels in which it was manufactured, and a lit- 
tle potash, which it acquired from the nitre employed in 
burning the sulphur. To obtain it in a state of complete 
purity, the sulphuric acid of commerce must be distilled* 

This is easily done by putting it into a small retort with 
a long beak. The bottom of the retort is placed up- 
on a fire of charcoal, and fixed steady by means of an 
iron ring ; while its beak is plunged half way into a 
receiver, whose mouth it fits nearly, blit not exactly. 

The acid soon boils^ and is gradually condensed in the 
receiver. Too great a quantity should not be distilled 
at once, otherwise the retort generally breaks in conse- 
quence of the violent agitation into which the boiling 
acid is thrown. 

2. Sulphuric acid is a liquid somewhat of an oily con- Properties, 
sistence, transparent and colourless as water, without 
any smell, and of a very strong acid taste. When ap- 
plied to animal or vegetable substances, it very soon 
destroys their texture. 

It always contains a quantity of water, part of which, 
however, may he driven off by the application of a mo- 
derate heat. This is called concentrating the acid . 

When as much concentrated as possible; its specific gra- 
vity is said to be 2*000 ; but it can seldom be obtained 
denser than 1*85. 

It changes all vegetable blues to a red except indigo. 
According to Erxleben, it boils at 546° ; according to 
Bergman, at 540 Q 

When exposed to a sufficient degree of cold, it crfs- 



* Bergman, ii. 15 2. 
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Book IT. tallizes or freezes ; and after this has once taken place. 

Division If. . . , 

' it freezes again by the application of a much inferior 

cold *. Morveau froze it at — 4° ; it assumed the ap- 
pearance of frozen snow. After the process began, it 
went on in a cold not nearly so intense. The acid melt- 
ed slowly at 27*5° ; but it froze again at the same tem- 
perature, and took five days to melt in the temperature 
of 43° $. Chaptal, who manufactured this acid, - once 
observed a large glass vessel full of it crystallized at the 
temperature of 48°. These crystals were in groups, 
and consisted of flat hexahedral prisms, terminated by 
a six-sided pyramid; They felt hotter than the sur- 
rounding bodies,, „and melted on being handled §. Chap- 
tal has observed, that sulphuric acid, in order to crys- 
tallize, must not be too concentrated. This observation 
has been extended a good deal further by Mr Keir. He 
found that sulphuric acid, of the specific gravity of 
1^789, froze at 45° ; but if it was either much more or 
much less concentrated, it required a much greater cold 
for congelation || . When as concentrated as possible, I' 
find that it may be cooled down in thermometer tubes, 
to the temperature of — 36° before it congeals l [f. 

Action of 3 . Sulphuric acid has a very strong attraction for 
water. Neuman found, that when exposed to the at- 
mosphere it attracted 6*25 times its own weight. Mr 
Gould found, that 180 grains of acid, when exposed to 
the atmosphere, attracted 68 grains of water the first 
day,? 5 8 the second, 39 the third, 23 the fourth, 18 the 


* The freezing point was ascertained by the Due d’Ayen in 1776. See- 
MacqueP Dictionary, 

t EncycL Method, Chhn.l. 376. 

!; ThiL Trans . Ixxvii. Part ii. 


j four, de Pbys , XX Hi’, 473. 
1 See Vol-I. p. 533. 
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lifth, and at last only 5 , 4 , 3 , 4 f s, &:c. The 28th day 
the augmentation was only half a grain *. The affinity 
therefore between sulphuric acid and water, as is the 
• case in general with other substances, becomes weaker 
the nearer it approaches to saturation. He does not 
specify the specific gravity of his acid but as it only 
attracted 3*106 times its own weight, it could not have 
been very concentrated. 

The affinity between sulphuric acid and water be- 
comes still more striking when these bodies are mixed 
together. If four parts of sulphuric acid and one part 
of ice, both at the temperature of. 8 2 °, be mixed toge- 
ther, the ice melts instantly, and the temperature of the 
mixture becomes 212 °. On the other hand, if four 
parts of ice and one part of acid, at 3 . 2 °, be mixed toge- 
ther, the temperature sinks to about — 4°. The cause 
of this change of temperature has been already explain- 
ed. When four parts of acid and one part of water 
are mixed together, the temperature of the mixture 
rises to about 300° +. The density of this compound of 
acid and wateris much greater than the mean. Heat is 
also evolved when other proportions of acid and water 
are mixed together, though not in so great quantity* 
^Lavoisier and De la Place found, that when 2*625 lbs. 
troy of sulphuric acid, of the specific gravity 1*87058, 
were mixed with 1*969 lb. troy of water, as much ca- 
loric was evolved as melted 4*1226 lbs. troy of ice, or 
-as much caloric as the acid and water would have given 
out had they been heated without mixture to 155*9° Jo 

We have no reason to suppose that sulphuric acid, at 



* PhiL Trans. 16S4, 
t Mem. Par. l]%Q. 


f Fourcroy, ii„ 6 $. 
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Book Ij, the density of 2' 000, is free from all mixture of water J 
Division'll. . 

* — > so far from that, we know for certain that it contains a 

various** ^ considerable proportion ; for when it is combined with 
densities. other bodies (barytes, for instance, or potash), there is 
a considerable quantity of water which remains behind* 
and does not enter into the combination. Now, is it 
possible to determine how much real acid and how 
much water are contained in a given quantity of acid of 
a given specific gravity ? Attempts were made to an- 
swer this important question by Homberg, by Berg- 
man, by Wenzel, and by Wiegleb ; but the differences 
between their determinations were too great to place any 
confidence in their accuracy. The subject has lately 
been resumed, and prosecuted with much industry and 
skill by Mr Kirwan, whose results may be considered 
as approaching as nearly to perfect accuracy as. the pre- 
sent state of the science admits.. His method was as 
follows : He dissolved 86 grains of potash in water, and 
saturated it exactly with sulphuric acid of a given spe- 
cific gravity (we shall suppose of 2"00), and diluted it 
with water till its specific gravity was 1 * 013 . The 
whole weight amounted to 3694 grains. Forty-five 
grains of sulphate of potash, dissolved in 1017 grains of 
distilled water, have the same specific gravity at the 
same temperature , whence it follows, that the propor- 
tion of salt in each was equal. But in the last solution 

the quantity of salt was — — of the whole ; therefore 

the quantity of salt in the first was — -- 159*52 

^ 22*6 

grains. Now of this weight 86 grains were alkali 5 the 

remainder, therefore, which amounts to 73*52 grains, 

must be acid. But the quantity of acid employed was 
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■^Stgrams; of this there were 6*52 grains which did not , Chap 
enter into the combination, and which must have been 
pure water : 79 parts of acid, of the specific gravity 2, 
therefore, contain at least 6*52 parts of water ; and 
consequently a 00 parts of it contain 8*25 parts of wa- 
ter. It'only remains now to consider how much water 
sulphate of potash contains. Mr Kirwan thinks it 
contains ’none, -because it loses no weight in any de- 
gree of heat below ignition ; and even when exposed 
to a red heat for half an hour it hardly loses a grain* 

This is certainly sufficient to prove, at least, that it 
contains very little water ; and consequently we may 
conclude, with Mr Kirwan, that 100 parts of sul- 
phuric acid, of the specific gravity 2*000, are com- 
posed pretty nearly of 91*75 of pure acid and 8*25 of 
water. 

Since there is such a strong affinity between sulphu- 
ric acid and water, and since the density of the mixture 
is different from the mean density of the ingredients, it 
becomes a problem of the greatest importance to deter- 
mine how much of the strongest sulphuric acid that can 
be prepared exists in any given quantity .of sulphuric 
acid of inferior specific gravity, and whichconsequently 
consists of a determinate quantity of this strong acid 
diluted with water. 

This problem has been solved by Mr Kirwan *. He 
took sulphuric acid of the specific gravity 2*000, which 
is the strongest that can be procured, for his standard, 
and the point was to determine how much of this stand- 


* Irish Trans, iv. 1 8. 
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D^vlsior I arc * ac *^ listed in a given quantity of acid of inferior 
<-~y — -> density. 

He concluded, from a number of experiments with 
sulphuric acid, of the specific gravities 1*8846, 1*8689, 
1*8042, 1*7500 (for he could not procure an acid of the 
• specific gravity 2*000 at the temperature of 60°, in 

which his experiments were performed), that when, 
equal parts of standard acid and water are mixed, the 
density is increased by ^-th part of the whole mixture. 
Then, by applying a formula given by Mr Poujet % 
he calculated, that the increase of density, on mixing 


* Mr Poujet undertook the examination of the specific gravity of al- 
cohol mixed with different quantities of water." He took for his stand- 
ard alcohol whose specific ' gravity was g*8i£ 9, at the temperature of 
65 *75°- He then formed ten mixtures ; the first containing nine mea- 
sures of alcohol and one of water, the second eight measures of alcohol 
and two of water, and so on till the last contained only one measure of 
alcohol and nine of water. He took care that dach of these measures 
should contain equal bulks, which he ascertained by weight, observing 
that a measure of water was to a measure of alcohol as 1 to o*8 1 99. Thus 
3O0CO grains of water and S199 of alcohol formed a mixture containing 
equal bulks of each. From the specific gravity of each of these mixtures 
he discovered how much they had diminished in bulk in consequence of 
mixture, by the following method : 

‘ - Calling A the "real specific gravity of any of the mixtures ; B its spe- 
cific gravity found by calculation, supposing no diminution of bulk ; « 
the number of measures composing the whole mass; n — x the number 
to which it is reduced in consequence of mutual penetration— it is evi- 
dent, since the increase of density does not diniinish the weight of the 

23 

whole mass, that n B zz n — x X A. Therefore x zz — r— . X or 

A * * 

( malting n = 1 ) = — — 2. - ? i s therefore the diminution of vo- 

A A 

lume produced by the mixture. 

• The following Table contains the result of Mr Poujet’s experiments, 
calculated according to that formula ; the whole volume or n being — I 
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different quantities of standard acid and water, was as 
in the following Table : 


chap. ir. 


Measi 

Water. 

ires of 

Alcohol. 

Diminution of 
the whole vo- 
lume e x by 
experiment. 

By calculation. 

n| 

9 

0*0109 

0*0103 



0*0187 

00 

p 

b 

3 

i 

0*0242 

0*0242 

mm 

6 

0*0268 

O 

d 

tj 

c* 

B 

5 

0*0288 



4 

' 0*0266 

00276 

7 

3 

0*0207 

0*0242 

8 

2 

00123 

0*0184 

9 

1 

0*0044 

0*0103 


It is evident, from this Table, that the diminution of the bulk of the 
mixture follows a regular progression. It is greatest when the measures 
of water and alcohol are equal, and diminishes as it approaches both ends 
of the series. Mr Poujet accounts for this by conceiving the alcohol to 
be dissolved in the water, which retains a part of it in its pores, or absorbs 
it. The quantity absorbed ought to be in the ratio of that of the Solvent 
and of the body dissolved, and each measure of water wilbretain a quan- 
tity of alcohol proportional to the number of measures of alcohol in the 
mixture. Thus in a mixture formed of r?ine measures of alcohol and one 
of water, the water will contain a quantity of alcohol = 9 ; in one of 
eight measures of alcohol and .two of water, the water will contain a 
quantity of alcohol = & Therefore the diminution of bulk in each mix- 
ture is in a ratio compounded of the measures of alcohol and water which 
form it, in the Table given above, as 1 X 9» ^ X 3 X 7, 4 X ^ 
&c. And in general, taking the diminution of bulk when the measures 
.of both liquids are equal for a constant quantity, and calling it c 3 calling 
the number of measures n t the number of measures of alcohol #, the in- 
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ita 


Number of 
parts of 
water. 

Number of 
parts of stan- 
dard acid. 

Augmenta- 
tion of den- 
sity. 

5 

95 

0-0252 

10 

90 

0-0479 

15 

85 

0*0679 

20 

80 

0-0856 

25 

75 

0-0999 

30 

70 i 

0-1319 

35 

65 | 

0-1213 

40 

60 

0-L279 

45 . 

55 

0*1319 

50 

50 

0-1333 


crease of density or diminution of bulk 2 ; we shall have c : z : : ~X“~ 
* ■ a a 

J^C ■ - - 

: n — x'Xx and z= ~X * x—x 2 -, or (making n=^i ) =4 c x — 4 c x\ 

The diminution of bulk, calculated according to this formula, makes 
the last column of the Table in .this .note. They correspond very well 
with experiment, while the measures of alcohol are more than these of 
water, hut not when the reverse is the case. -This Mr Poujet thinks is 
owing to the attraction which exists between »the particles of water, and 
which, when the water is considerable compared with the alcohol, resists 
the union of the water with the alcohol. 


13 y the formula z «=& 


4 c n x — 4 c x* 


the .quantity of alcohol of the 


standard may he determined in any mixture where trhe alcohol exceed® 
the water. 

Let the number of measures, or the whole mass - S j 
The measures of alcohol - - r = x 

The diminution of bulk at equal measures - - = c 

The diminution of bulk of a mature containing x 
measures of alcohol - - - - - ~ 4 t x — 4 c x? 

The specific gravity of water - = a 

The specific gravity of the alcohol - - = b 

The specific gravity of the unknown mixture — y 
Then since the increase of density does not change the weight of the 




SULPHURIC. 


By adding these augmentations to the specific gravity ^ ia P 
of the above mixture, found by calculation, and taking 
the mean for the intermediate quantities, he drew up a 
table of the quantity of acid of the density 2’ 00, con- 
tained in a given weight of acid of inferior density, frpm 
% to 1*4666. Sulphuric acid of this last density con- 
tains just 0*5 of sulphuric acid of 2. The quantity 
contained in acids of inferior densities was ascertained 
from actual observation. He found by the first part of 
the tabje, that 100 parts of acid, of the specific gravity 
1*8472, contained S8*5 parts standard; consequently 
$00 grains of this acid contain 354 grains standard. He 
took six portions of this acid, each containing 400 grains, 
and added to them as much water as made them con- 
tain respectively 4.8, 46, 44, 42, 40, 38 grains standard. 

The quantity of water to be added, in order to produce 
this effect, he found by the following method : Sup- 
pose x rzthe quantity of water to be added to 400 parts 
of acid, that the mixture may contain 48 per cent . of 
standard acid. Then 400 -f- x : 354 : : .100 : 48, and 
consequently x zz 337*5. After finding the specific 
gravity of these, the half of each was taken out, and as 


•whole, i — x X a +6 x = 1 — 4 • x -|- 4 c x 2 Xy- 
- b 


Hence x - 


= o*5 ■ 


8 cy 
- a x 4- b x 


ys-KW-o 


I -4£X-f-4C;-2 

And making a — , b = 0-8199 , c *= °' 0i 88 

o-c8oi / 1 —y . , ~ 

0*2.304 y v 0*r 152 0*230437 

i — O* . 80 X 


x = 0*5 • 


I — 0*1152 JC+O-II 52 * 2 


^ o-‘-8oi 
’ V. 0*230431 

See Irish Trans « 
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Book if* much water added ; and thus the specific gravities cor- 
^ivision ir. reS p 0n< jj n g t0 23, 22, 21, 20, 19, were found. 

Then six more portions, of 400 grains each, were taken, 
of the specific gravity 1*8393, and the proper quantity 
of water added to make them contain 36, 34, 32, 30, 
28, 2 G per cent, of standard. Their specific gravities 
were found, the half of them taken out, and as much 
water added ; and thus the specific gravity of 18, IT, 
16, 15, 14, and 13 found. Care was taken, after every 
addition of w r ater, to allow the ingredients sufficient 
time to unite. 

By multiplying the standard acid, as ascertained in 
this Table, by 0*8926, he obtained the quantity of real 
acid contained in sulphuric acid of different densities at 
the temperature of 60°. This may be seen in the fol- 
lowing Table*. 

'Strength of 
•sulphuric 
•arid. 


ioo Parts 
Sp. Gravity. 


2*0000 

1*9859 

1*9719 

1*9579 

1*9439 

1*9299 

1*9168 

1*9041 

1*8914 

1*8787 

1*8660 

1*S542 

1-8424 

1*8306 

1*8188 


Real 

Acid. 


89*29 
88*39 
S7’50 
86*61 
85*71 
84*82 
83*93 
83-04+ 
S2'14 
Sl-25 
80-36 
19-46 
78-57 
77-68 
76-79 + 


ioo Parts 
Sp. Gravity. 


1*8070 

1*7959 

1*7849 

.1*7738 

1*7629 

1*7519 

1*7416 

1*7312 

1*7208 

1*7104 

1*7000 

1*6899 

1*6800 

1*6701 

1*6602 


Real 

Acid. 


75*89 
75* — 
74*11 
73*22 
72*32 
71*43 
70*54+ 
69*64 
68*75 
67*86 
66*96 
66*07 
65*18 
64*28 
63*39 


Nicholson’s Journal , iii. ai.J. 
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c 

100 Parts 
>p. Gravity. 

Real 

Acid. £ 

ioo Parts \ 
jp. Gravity. 

Real 

Acid. 


1*6503 

62*50 

1*2951 

31*25 * 


1-6407 

61-61 

1-2847 

30*35 


1*6312 

60-71 1 

1-275"? 

29*46 


1-6217 

59’82 

1-2068 

23-574* 


1-6122 

58*93 

1-2589 

27-63 


1-6027 

58*03 

1-2510 

26-78 


1-5932 

5T14 

1-2415 

25-89 


1-5840 

56-25 

1-2320 

25* — 


1-5748 

55*36-4- 

1-2210 

24-10 


1-5656 

54*46 

1-2101 

23-21 


1-5564 

53*57 

1-2009 

22*32 


1-5473 

52*68 

1-1918 

21*43 


1-5385 

51-7S 

1-1836 

20-534“ 


1-5202 

50*80 

l - 174'! 

19-64 


1*5202 

50*00 

1-1678 

IS- 75 


1-5112 

49-114- 

1-1614 

17-S5 


1-5022 

48-21 

1-1531 

16*96 


1-4933 

47-32 

1-1398 

16-07 


1-4844 

46-43 

1-1309 

15-18 + 


1-4755 

45*53 

1-1208 

14-2S 


1-4666 

44-64 

1-1129 

13*39 


1-4427 

43-75 

1-1011 

12-50 


1-4189 

42-86-f^ 

1-0955 

11*60 


1-4099 

41-96 




1-4010 

41-07 

1-0896 

10*71 


1*3875 

40-18 

1-0833 

9*80 


1-3768 

39-28 

1*0780 

.8*93+ 


1-3663 

38*39 

1*0725 

8*03 


1-3586 

3T50 

1*0666 

7*14 


1-3473 

36-60 

1*0610 

6*25 


1-3360 

35-71 

1*0555 

5*35 


. 1-3254 

34-82 

1*0492 

4-46 


1-3149 

33-93 

1*0450 

3-57 


1-3102 

33*03 

1*0396 

2*67 


1-3056 

32-14 

1*0343 

1*78 


Chap. IT. 
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Book IT. 4. Mr Lavoisier attempted to ascertain tlie proper- 

Division II. . „ , . . . , . . , , ... , 

tion of the constituents of this acid, by measuring the 

sidon^ 0 ' quantity of oxygen absorbed by a given weight of sul« 
phur during its combustion. His result was 71 parts 
of sulphur and 29 of oxygen. But this method was 
not susceptible of sufficient precision to warrant much 
confidence. Mr Thenard had recourse to a much bet- 
ter method *, which was employed still more lately for 
the same purpose by Mr Chenevix with much addressf. 
Nitric acid was distilled off 100 parts of pure sulphur 
repeatedly till the whole sulphur was converted into an 
acid. The sulphuric acid, thus formed, was separated 
by means of barytes, with which it forms an insoluble 
compound. The 100 parts of sulphur, thus acidified, 
yielded 694 parts of dry sulphate of barytes. Hence 
100 parts of sulphate of barytes contain 14*5 pdrts of 
sulphur. This experiment was repeated by Klaproth, 
with the same result. To know the portion of oxygen 
in sulphuric acid, it is only necessary to know the 
weight of sulphuric acid contained in dry sulphate of 
barytes. A great many experiments have been made 
to determine that point. Here Mr Chenevix seems to 
have fallen into an error. He makes it only 24 per 
cent . The analysis of Thenard indeednearly agrees with 
his ; but all other chemists make it above; SO per cent . 
I consider the result obtained by Kir wan and Klhproth 
as the most accurate- They coincide, and find sulphate 
of barytes composed of 33 parts sulphuric acid and 
61 of barytes. Hence it follows, that sulphuric acid 


f Irish Trans . 1802-, p. 


* Ann* de Chim . xxxii. % 66, 
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fs composed of 14*5 of sulphur, and IS *5 of oxygen ; 
or of 

42*3 sulphur 
51*7 oxygen 

100*0 

or 100 sulphur and 136*5 oxygen*. 

5 Sulphuric acid is not altered by the action of light 
nor caloric* It does not combine with oxygen. It was 
affirmed indeed by some chemists, that sulphuric acid 
might be combined with oxygen by distilling, it off the 
black oxide of manganese ; but the assertion was re- 
futed by the experiments of Vauquelin. 

6. None of the simple combustibles act upon it at the 
usual temperature of the atmosphere, or at least their 
action is so slow as not to be perceptible : But when 
they are assisted by heat, they are all capable of de- 
posing it. 

When sulphur is boiled in this acid, it absorbs a por- 
tion of its oxygen, or at least combines with it, and the 
whole is converted into sulphurous acid. Phosphorus 
also absorbs oxygen from it by the assistance of heat, 
sulphurous acid is driven off, and phosphoric acid 
formed. At the boiling temperature charcoal also ab- 
sorbs oxygen from it, and converts it into sulphu- 
rous acid. At a red heat it even converts it into sul- 
phur. When hydrogen gas and sulphuric acid are 
made to pass together through a red hot tube of porce- 
lain, the acid is completely decomposed, water is form- 
ed, and sulphur deposited f. 


* Gehleffs Jour, v, 509 


f Fonrcroy, ih 6 z. 
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Book U. 
Division IT, 


Of the in- 
combusti- 
bles. 


Of metals, 


Of alkalies 
and earths. 


7. Azote has no action on sulphuric acid ; but this 
acid readily absorbs muriatic acid, and forms with it a 
liquid of a brownish tinge, which emits the dense, and 
suffocating odour of muriatic acid, and corrodes vege- 
table and even metalhc bodies near which it happens to 
be placed. 

8. When zinc or iron is thrown into sulphuric acid, 
a violent action- takes place, if the acid be diluted ; wa- 
ter is decomposed, its hydrogen flies off, and its oxygen 
combines with the metals. If the acid be concentrated, 
the action is much less violent, and sulphurous acid ex- 
hales. Upon tin and copper the acid acts very slowly 
and feebly, unless its action be assisted by heat when it 
oxidizes and dissolves them. On silver, mercury, anti- 
mony, bismuth, arsenic, and tellurium, it does not act 
except at a pretty high temperature. These metals ab- 
stract part of its oxygen, and convert one portion of it 
to sulphurous acid, while another portion combines 
with the oxides thus formed. When boiling hot it ox- 
idizes lead, and dissolves cobalt, nickel, and molybde- 
num : But it has no perceptible action on gold nor pla- 
tinum at any temperature to which it can be raised. 

10. It unites readily with all the alkalies and earths 
except silica, and with most of the metallic oxides, and 
forms salts denominated sulphates. Thus the combina-; 
tion of sulphuric acid and soda is called sulphate of soda ; 
the compound of sulphuric acid and lime, sulphate of 
lime > and so on. 

11. It absorbs a very considerable quantity of nitrous 
gas, and acquires by that means a purplish colour *. 


* Priestley, i. 389. 
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This is one of the most important of all the acids, 
not only to the chemist but to the manufacturer also* ; 
being employed to a very great extent in a variety of 
ihanufactures, especially in dyeing. 


SECT. II. 


OF SULPHUROUS 1 ACID. 

Though some of the properties of this acid must have 
been known in the remotest ages, as it is always form- 
ed during the slow combustion of sulphur, Stahl was 
the first chemist who examined it^ and pointed out its 
peculiar nature. He gave it the name of phlogistic ate d 
sulphuric acid , from the supposition that it is a com- 
pound of sulphuric acid and phlogiston. Htis method of 
procuring it was to burn sulphur, and expose to its 
flames cloth dipped in a solution of potash. By this 
method he obtained a combination of potash and sulphu- 
rous acid ; for sulphur foritos by combustion only sul- 
phurous acid. Scheele pointed out, in 1171 , a method 
of procuring sulphurous acid in quantities On Stahl’s 
salt he poured a portion of tartaric acid, and then ap- 
plied a gentle heat. The sulphurous acid is in this 
manner displaced, because its affinity for potash is not 
So strong as that of tartaric acid; and it comes over in* 
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* Scheele, i. 43, 
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Book n. to the receiver dissolved m water. Dr Priestley, in 
•‘Division It .... - , . 

u— 1774, obtained it in the gaseous form, and examine dUs 

properties while iq a state of purity. Berthollet pub- 

ished a dissertation on its formation, composition, and 

uses, in 1782 and 1789 tj and in 1797 appeared a very 

complete dissertation on its combinations by Fourcroy 

and Vauquelin J. 

Prcpara- 1 . Sulphurous acid may be procured by the follow- 
ing process : Put into a glass retort two parts of sul- 
phuric acid and one part of mercury, and apply the heat 
of a lamp : The mixture effervesces, and a gas issues 
front the beak of the retort, and may be received in 
glass jars filled with mercury, and standing in a mercu- 
rial trough. This gas is sulphurous acid . 

Fropertie*. 2 . Sulphurous acid, in the state of gas, is colourless 
and invisible like' common air. It is incapable of main- 
taining combustion ; nor can animals breathe it with- 
out death. It has a strong and suffocating odour, pre- 
cisely the same with that exhaled by sulphur burning 
with a blue flame : sulphur, by such a combustion, be- 
ing totally converted into sulphurous acid. Its specific 
gravity, according to the experiments of ICirwan, is 
2*265, that of air being 1*000 : At the temperature of 
<i 0°, barometer 3 0 inches, 100 cubic inches of this gas 
weigh 70*2X5 grains |j. 

3. This acid reddens vegetable blues, and gradually 
destroys the greater number of them. It exercises this 
power on a great variety of vegetable and animal co- 
lours. Hence the use of the fumes of sulphur in bleach- 


* On Air , ii. 29 ?. f Mem, Par . 178 a. Ann, de dim .. ii. 54 . 

$ 4nrt. de Cli?n*XX W, jj JKirwan on Phlogiston, p. 30. 
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fag wool and in whitening linen stained by means of 
fruits* 

Blanche has observed, that when syrup of violets* 
previously reddened by acids, is mixed with a little 
sulphurous acid, the original blue colour of the syrup 
is restored, and its intensity gradually diminishes *. 

4. Dr Priestley discovered* that when a strong heat 
is applied to this acid in close vessels, a quantity of sul- 
phur is precipitated, and the acid is converted into sul- 
phuric Berthollet obtained the same result; but 
Foureroy and Vauquelin could not succeed %, 

According to Clouet and Monge, when this gas, in a 
State of condensation, is exposed to the temperature of 
— IS 0 , it is condensed into a liquid §. 

5. Water absorbs this acid with rapidity. According 
to Dr Priestley, 1000 grains of wateV, at the tempera- 
ture 5’4'5°, absorb 39*6’ grains of this acid. Foureroy* 
on the other hand* affirms, that Water at 40° absorbs 
the' third of its weight of sulphurous acid gas l [f . Upon 
trying the experiment, I found that one cubic inch of 
water at the temperature of 61°, barometer 29*55 inches* 
absorbs 33 inches of gas. But an inch of water weighs 
about 253*175 grains, amd 33 inches of this gas weigh 
23*1 6. Hence it follows, that 1000 water in weight 
absorbs 91*5 of this gas. This exceeds considerably 
the estimate of Priestley, though it comes short of that 
of Foureroy. Water impregnated with this gas ac- 
quires, according to my experiments, the specific gravi- 
ty 1*0513, even in as high a temperature as 08°. This 
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% Nicholson’s Journal, i. 31 
f Ibid. p. 77. 

N. 2 


* Ann. de Chim. lx. 0>SZ m 
t On Air , li. 33O. 

$ Foureroy, ii. 74. 
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water may be frozen without parting with any of the 
acid gas. When water, which has been saturated with 
this acid at the freezing temperature, is exposed to the 
heat of <5.5*25°, it is filled with a vast number of bub- 
bles, which continually increase and rise to the surface. 
These bubbles are a part of the acid Separating from it. 
It freezes a few degrees below 32° *. 

6. When liquid sulphurous acid is exposed to atmo- 
spheric air or to oxygen gas, it gradually combines with 
oxygen, and is converted into sulphuric acid. This 
change takes place more completely if the acid be com- 
bined: with an alkali or earth. When a mixture of sul- 
phurous arid gas and oxygen gas is made to pass through 
a red hot porcelain tube, the two bodies combine, and 
sulphuric acid is formed f . 

' 7. Of the simple combustibles, sulphur and phospho- 
rus have no action on it whatever $ hydrogen gas and 
charcoal do not alter it while cold, but at a red heat 
they decompose it completely : water or carbonic acid 
is formed, and sulphur deposited J. 

8. Neither azote nor muriatic acid produce any change 
on it. 

/ 9. Sulphurous acid does not seem capable of oxidi- 
zing or dissolving any of the metals except iron, zinc, 
and-manganese. 

10. It combines with alkalies, earths, and metallic 
oxides, and forms salts known by the name oi sulphites. 

11. Sulphuric acid absorbs this gas in considerable 


* Fourcroy and Vauquelin, Nicholson*# Jour . i. 313- 
f Priestley, ii. 33a. Fourcroy, ii. 74. 

'£ Fourcroy and Vauquelin. 
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quantity* It acquires a yellowish brown Colour, a pe- Chap, il 
netrating odour, and the property of smoking when ex- 
posed to the air. When this mixture is distilled, the 
first vapour which comes over, and which is a com- 
pound of the two acids, crystallizes in long white 
prisms. This singular compound, formerly known by 
the name of glacial sulphuric acid , smokes in the air; 
and when the atmosphere is moist, melts with efferves- 
cence.. When thrown into water, it hisses like a red 
hot iron. It has the odour of sulphurous acid *. This 
curious compound, first mentioned by Kunkel, and af- 
terwards by Bohn and by Neuman, attracted a great 
deal of the attention of chemists, who attempted to in- 
vestigate the cause of its singular properties. The ge- 
neral opinion, in consequence of the experiments of 
Hellot, Wiegel, Meyer, and Gottling, was, that phlo- 
giston, some how or other, contributed to its produc- 
tion. Dolfusz-t made a set of experiments on it in 
1784 ; from which he concluded that it was peculiar 
to sulphate of iron, by the distillation of which it had 
been usually procured. These experiments were re- 
peated and varied by Morveau % ; and this philosopher 
considered it as probable that the glacial acid is merely 
sulphuric acid, totally deprived of moisture. Four- 
croy has lately demonstrated that it is a compound of 
sulphuric and sulphurous acids* 

12. As this acid is formed by the combustion of sul- Compo*- 
phur, it cannot be doubted that it is composed of the 
same ingredients with sulphuric acid ; and as it is evol- 


* Fourcroy, ii. 78. f Crell’s Annals, *785, l 43$. 

| £ncye. Method* Chim, i, 39®. 
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ved from sulphuric acid by the action of sulphur, and 
likewise by some of the metals, it cannot be doubted 
that it contains a smaller proportion of 0 x 3 ? gen. I ent 
deavoured to estimate the constituents of this acid in the 
following manner; By causing a current of sulphn* 
rous acid gas to pass through a solution of carbonate of 
potash in water, I formed the salt called sulphite of pnU 
ash . When this salt, previously dried upon bloating 
paper, is exposed to the heat of 300°, it loses 3*3 per 
sent, of its weight. When 100 grains of it are heated 
to redness in a platinum crucible, the salt decrepitates, 
becomes of an opaque white, and emits a blue flame. 
By this treatment it loses 22*3 per tent, and leaves as a 
residuum sulphate of potash. This sulphate of potash 
contains 22*25 of sulphuric acid, the rest is potash* 
From this analysis it follows that sulphite of potash is 
composed of 

22*3 0 volatile matter 

22*25 sulphuric acid 

55*45 potash 


100*00 

When 106 grains of sulphite of potash are heated in a 
retort attached to a mercurial apparatus, there come 
over 18 cubic inches of sulphurous acid gas, 5*1 grains 
of sulphur, and a little water. The remaining salt weighs 
17*7 grains, and contains 23*2 sulphuric acid, the rest 
potash. From this analysis it follows that the 100 grains 
of sulphite of potash were resolved into 
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23*2 sulphuric acid 
5*1 sulphur 
54*5 potash 

17*2 sulphurous acid and water 
100*0 

But the 23*2 sulphuric acid and 5*1 of sulphur must 
have been united in the salt, and formed sulphurous a- 
cid. Of course, sulphurous acid is composed of 23*2 
sulphuric acid and 5*1 sulphur, or y per cent . of 
82 sulphuric acid 
IB sulphur 

But as we know the constituents of sulphuric acid, it is 
easy thence to deduce the following as the proportion 
of the ingredients of sulphurous acid : 

53 sulphur 
47 oxygen 

100 

or J$Q sulphur and 88*6 oxygen* 

n 

SECT* III. 

9 

OF PHOSPHORIC ACID* 



J l hosphortjs, like sulphur, forms an acid with two 
different proportions of oxygen* Combined with a 
maximum of oxygen, it constitutes phosphoric acid $ 
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IrtvSioplr a sma ^ er proportion, it constitutes phosphotcuj 

— ~v— acid. 

phosphoric acid remained unknown till after the dis- 
covery 'of phosphorus. Boyle is perhaps the first che- 
mist who mentions it ; but Margraff first examined its 
properties, and demonstrated it to be a peculiar acid. 
Jts properties were afterwards more completely inves- 
tigated by Bergman, Scheele, Lavoisier, Pearson, Four- 
cfoy, and Vauquelin, and several other distinguished 
chemists. 

Prepara** 1. It may be formed by setting fire to a quantity of 

phosphorus contained in a vessel filled with oxygen gas. 
The phosphorus burns with great rapidity, and a great 
number of white flakes are deposited, which arej phos- 
phoric acid in a state of purity. It may be obtained too 
by heating phosphorus under water till it melt, and 
then causing a stream of oxygen gas to pass through it 
by means of a tube. In this case the acid as it forms 
combines with the water ; but the liquid may be eva- 
porated off by the application of heat, and then the acid 
remains behind in a state of purity. But the usual me- 
thod of procuring it is to throw phosphorus in small 
pieces at a time into hot nitric acid. * A violent efferves- 
cence takes place, the phosphorus combines with oxy- 
gen, and nitrous gas is emitted. After the whole of the 
phosphorus is' acidified, the liquid is to be evaporated 
to dryness, in order to drive off the remains of nitric 
acid which may not have been decomposed. This pro- 
cess was first put in practice by Lavoisier. Care must 
be taken not to apply too much heat, not to add too 
much phosphorus at once, and not to have the nitric 
acid too strong ; otherwise the phosphorus takes fire, and 
usually breaks the vessels in pieces* When the acid 
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prepared by this method is c centrated and heated, it , cha P’ ll \ 
always emits a considerable quantity of phosphureted v: 
hydrogen gas, which bums and occasion . a considerable 
loss. This loss may be diminished by cautiously drop- 
ping nitric acid into the hot mass. 

2, The acid thus prepared may be put into a plati- Properties, 
num crucible, and heated to redness, to diive off all the 
water. It is then in a. state of pprity. It is solid, co- 
lourless, and transparent, and not unlike glass in ap- 
pearance. It reddens vegetable blues; it has no smell ; 
its taste is very acid, but it does not destroy the texture 
of organic bodies. 

When exposed to the open air, it soon attracts mois- 
ture, and deliquesces into a thick oily-like liquid ; in 
which state it is usually kept by chemists. When, ex- 
posed to the fire in a platinum crucible, its water gra- 
dually evaporates, and leaves it in the state os a rans- 
parent jelly. If the heat be increased it boils and bub- 
bles up, owing to the separation of the remainder of its 
water, accompanied with a small portion of acid. At 
a red heat it assumes the form of a transparent liquid* 
and when cooled resembles the purest crystal. In this 
state it is known by the name of phosphoric glass . 

This glass is merely phosphoric acid totally deprived 
of water. It has an acid taste, is soluble in water, and 
deliquesces when exposed to the air At a red heat 
it evaporates very copiously in a white smoke, which 
has no strong odour, unless the evaporation be prevented 
by the presence of a base. 

The specific gravity of this acid, in a state of dryness. 
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is * 5 in the state of glass, 2*8516 f; in the state 
df deliquescence, 1 - 4 i *7 it . 

3. This acid is very soluble in water. When in the 
state of white flakes, it dissolves with a hissing noise, 
similar to that made by red hot iron plunged into wa- 
ter. When in the state of glass it dissolves much more 
slowly. The heat evolved during the combination of 
this acid and water is much inferior to that evolved 
\vhen sulphuric acid enters into a similar combination. 
Phosphoric acid obtained by deliquescence, when mix- 
ed with an equal quantity of distilled water, acquired 
so little beat as to raise the thermometer only one de- 
gree, as Mr Sage observed. Mr Lavoisier raised the 
thermometer from 50° to 63° by mixing phosphoric 
add, boiled to the consistence of a syrup, with an equal 
quantity of water; and from 50° to 104° when the 
acid was as thick as turpentine 

4. Oxygen gas has no action on phosphoric acid, 
whatever be the temperature. Neither is it decompo*- 
sed or altered by any of the simple combustibles* if we 
except charcoal ; which, though it has no action on it 
while cold, at a red heat decomposes it completely ; car- 
bonic acid is formed, and phosphorus sublimed. This 
is the common process for obtaining phosphorus. 

5. None of the simple in combustibles have any par- 
ticular action on it. 

6. This acid, when in a liquid state, is capable of oxi- 


* Bergman’s Sciagraph!* r, p. 20. Eng. Trans. 
f Hassenfratz, Ann. dc Cb'tm . xxviii. if. 

$ Encyc . Method. Chim . i. 22 1. 

§ Kcir’s Dictionary , 

1 Andpcihap also hydrogen ; but the experiment has Hot been 
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dicing some of the metals, especially when assisted by 
heat ; at the same time hydrogen gas is emitted. Hencd 
we see that the oxidizement is owing to the decomposi- 
tion of water. In this manner it oxidizes iron, tin, 
lead, zinc, antimony, bismuth, manganese ; but on 
some of these it acts very slowly. When fused with 
several of these metals, as tin, iron, and zinc, it is con- 
verted into phosphorus ; a proof that they have a strong- 
er affinity for oxygen. » 

It does not act upon gold, platinum, silver, copper, 
mercury, arsenic, cobalt,* nickel. It appears, hoveever, 
to have sortie action on gold in the dry way , as it is 
called ; for when fused ivith gold-leaf it assumes a purple 
colour : a proof that the gold has been oxidized. 

7. Phosphoric acid combines with alkalies, earths, 
and metallic oxides, and forms with them salts known 
by the name of phosphates . 

8. The component parts of this acid have been ascer- 
tained in a more satisfactory manner than almost any 
other chemical compound. Mr Lavoisier deduced from 
his experiments, that 45 parts of phosphorus, when burnt 
in oxygen, absorbed about 69*375 parts of that gas, and 
produced about 114 parts of phosphoric acid*. But 
his mode of experimenting was not susceptible of much 
precision. It consisted in burning phosphorus in oxy- 
gen gasj and ascertaining the increase of weight, which 
he ascribed to oxygen. Mr Rose has lately published 
an elaborate set of experiments on the constituents of 
phosphoric acid. • He acidified the phosphorus by means 
of nitric acid, and ascertained the weight by combining 
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the acid formed with oxide of lead. ' The result of his 
experiments was, that the acid was composed of 
46*5 phosphorus 
53 ’5 oxygen 

100*0 

or 100 phosphorus combines with 114*75 of oxygen, 
and forms 214*75 of phosphoric acid *. Some experi- 
ments, which I made in the same way nearly, gave me 
a result a good deal different. I combined the acid 
formed with lime. But as I do not recollect the pro- 
portion of acid which I estimated in phosphate of lime, 
it is impossible to say how far my results differed from 
those of Rose. 

This acid is too expensive to be brought into common 
use. If it could be procured at a cheap rate, it might 
be employed with advantage, not only in several import- 
ant chemical manufactures, but also in medicine, and 
perhaps even for th ; e purposes of i domestic economy. 



SECT. IV. 


OF PHOSPHOROUS ACIIJU 


Ike acid obtained by the burning of phosphorus dif- 
fers according to the rapidity of the combustion ; or, 
which is the same thing, according to the temperature 


* GehleiTs Jour t 2d Scries, ii. 309. 
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in which the process is conducted. When heated to . cha P- 
148°, it burns rapidly, and the product is phosphoric ' 
acid ; when allowed to burn gradually, at the common 
temperature of the air, the product is phosphorous acid, 
which contains a smaller proportion of oxygen. The 
difference between these two acids had been remarked 
by Sage, by Proust, and by Morveau ; but it was La- 
voisier who first, in 1777, demonstrated that they form 
different compounds with other bodies, and that the 
difference between them is owing to the different pro- 
portions of oxygen which they contain *. 

1. Phosphorous acid is prepared by exposing phos- Prepare 
phorus during some weeks to the ordinary tempera- fci0n ' 
ture of the atmosphere. Even in winter the phos- 
phorus undergoes a slow combustion, and is gradually 
changed into a liquid acid. For this purpose, it is 
usual'to put small pieces of phosphorus on the inclined 

side of a glass funnel, through which the liquor which 
is formed drops into the bottle placed to receive it. 

From one ounce of phosphorus about three ounces of 
acid liquor may be thus prepared. It was called phlo- 
* gisticated phosphoric acid by Morveau, from the suppo- 
sition that it is a compound of phosphoric acid and phlo- 
giston. 

2. Phosphorous acid, thus prepared, is a viscid liquid. Properties, 
of different degrees of consistence, adhering like oil to 

the sides of the glass vessel in which it is contained. It 
emits the smell of garlic, especially when heated. Its 
taste is acid like that of phosphoric acid, and it produces 
the same effect upon vegetable colours. Its specific 
gravity has not been determined. 


* Mtw. Par. T777, 
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3, It combines with water in every proportion ; but 
it cannot, like phosphoric acid,. be obtained in a con- 
crete state. 

When heated, part of the water which it contains is 
at first evaporated. Then large bubbles of air rise to the 
surface; there they break, .and emit a dense white smoke, 
or even take fire if the experiment be performed in an 
open vessel. The emission of these bubbles of pbos# 
pbureted hydrogen gas continues for a long* time. When 
the process is finished, the acid which, remains is no 
longer phosphorous, b,ut phosphoric acid. These phe- 
npmena show us, that phosphorous acid holds in solu- 
lion a certain portion of phosphorus, which at a. high 
temperature decomposes, water, and is converted partly 
into phosphoric acid, partly into phosphureted hydrogen, 

4. This acid is converted into phosphoric acid by ex- 
posure to air or oxygen gas. The process is exceed- 
ingly^slow, and the conversion is never complete. It 
succeeds better when the acid is diluted with a great 
proportion of water *. 

5> Phosphorous acid is not acted upon by any of the 
.simple combustibles except charcoal, and perhaps also 
hydrogen. Charcoal decomposes it at a red heat as 
well as phosphoric acid. The products are carbonic 
acid and phosphorus* It does not act on the simple 
incombustibles. 

6. Its action on metals is exactly similar to that of 
phosphoric acid, excepting only that the hydrogen gas 
evolved during the oxldizement of the metals has a 
fetid smell, and holds phosphorus in solution. 


Fourcroy, ii. 55, 
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r 7. It combine^ with- alkalies, earths, and metallic ox- 
ides, and forms compounds distinguished by the name 
of phosphites. 

8. Sulphuric acid produces no change upon it while 
cold 5 but at a boiling heat it parts with .some of its 
oxygen, and the phosphorous acid is converted into 
phosphoric acid. Nitric acid also, when assisted, by 
heat, converts it readily into phosphoric acid. This 
furbishes us ; vpth by far the best process, for obtaining 
phosphoric acid- a t present known. Mix phosphorous 
apid, obtained by sfow combustion, with one-eighth of 
its weight of nitric acid of the specific gravity 1"3, and 
distil. The nitric acid is decomposed, and pure phos- 
phoric acid remains behind. For this process we are 
indebted: to Fourcroy *. 

This acid has not hitherto, been put to any use. The 
history of its preparation is sufficient, to convince us,, 
that it is composed of the same constituents as ph.Qspho^ 
ric acid : But the exact proportion; of these, cpnstituents 
has nothitherto been ascertained. 


SECT. V. 

OF CARBONIC ACID . 


As the rapid progress of chemistry, during the. latter 
part of the 18th century, was in a great measure owing 
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Book II. to the discovery* of this acid, it may be worth while t£> 
-v— — ' trace the history of it somewhat particularly. 

Paracelsus and Van Helm on t were acquainted witli 
the fact, that air is extiricated from limestone during cer- 
tain processes, and the latter gave to air thus produced, 
the name of gas. Hales ascertained the quantity af air 
that could be extricated from these bodies in different 
processes, and showed that it formed an essential part 
of their cbmposition. Dr Black proved that the sub- 
stances then called lime, magnesia , and alkalies , are com- 
pounds, Consisting of a peculiar species of dir y and pure 
lime, magnesia, and alkali. To this species of air h& 
gave the name of fixed air , because it existed in these 
bodies in a fixed state.- This air or ga:s was afterwards 
investigated by Dr Priestley, and a great number of its 
properties ascertained. Prom these propertied Mr Keir ** 
first concluded that it wad aft acid $ and this opinion 
was soon confirmed by the experiments of Bergmany 
Fontana, &c. Dr Priestley at first suspected that this 
acid entered as an element into the composition of at- 
mospherical air ; and Bergman, adopting the same opi- 
nion, gave it the name of aerial acid .< Mr Bewdly cal- 
led it mephitic acid , because it could not be respired 
without occasioning death ; and this name was also a- 
doptedby Morveau. Mr Keir called it calcareous acid y 
and at last Mr Lavoisier, after discovering its compo- 
sition, gave it the name of carlonic acid gas. 

For the investigation of the properties of carbonic* 
acid we are chiefly indebted to the labours of Caveri- 


* Keir's Macqutr, art. Air, 



CARBONIC. 

dish % Priestley f 9 Bergman t, and Lavoisier §. Va- 
luable dissertations on.it were also published by Mac- 
bride ||, Lane^f, Jacquin **, Landriani++, Fontana, and 
many other distinguished chemists. 

1. Carbonic acid, being a compound of carbon and 
oxygen, may be formed by burning charcoal , but as it 
exists in great abundance ready formed, there is no oc- 
casion to have recourse to that expedient. All that is 
necessary is to dilute with water a quantity of chalk, 
which is a compound of carbonic acid and lime, and to 
pour upon it sulphuric acid. An effervescence ensues, 
carbonic acid is evolved in the state of gas, and may be 
received in the usual manner. 

2. Carbonic acid, when in the state of gas, is invi- 
sible and elastic like common air. It extinguishes a 
candle, and is unfit for respiration. It has no smell. 

Its specific gravity, according to the experiments of 
Kirwan, is 1 * 500 , that of air being 1*000 ; or it is to 
air as 3 to 2. At the temperature of 60 °, barometer 
30 inches, 100 cubic inches of this gas weigh 46*5 
grains • From this considerable weight, compared to 
that of air, it happens that this gas may be poured 
from one vessel to another. When poured from a wide- 
mouthed vessel upon a burning candle, it extinguishes 
it like water. 


* Pb'lL Trans. 1766, lvi. 141., f Priestley,?. 43 * 

% Oj>usc . i. I. § Mem. Par 1776. 

J} Experimental Essays , 1764. % Priestley, i. 5- 

' ^ Examen. Chem. Diet. Meyer , de Acido Pi?:gui r ei Blackiana de Acre 
FiXOy 1769. 

It CrelPs Annals? *785, ii. 139. %% Kirwan on Phlogiston , p. %$. 
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Boole ir. It reddens the tincture of turusol, but no other vegev 
Division H. 

«. / table colour . 

Atmospheric air is supposed to contain about rerw 
part of this gas f. 

3.- Carbonic acid is. not altered by exposure to heat 
in close vessels,- or by passing it through a red hot 
tube. But when electric sparks are made to pass 
through ir. for a long time,, its bulk is increased, as Dr 
Priestley first observed and in that case, as Monger 
discovered,, an inflammable gas is always evolved. By 
3 8 hours labour Mr Saussure junior produced an in- 
crease of -j-yg- part of the whole; one-tenth of the car- 
bonic acid had disappeared,. and a quantity of carbonic 
oxide had been formed* * * § The copper wires employed 
to transmit the sparks were oxidized at the expence of 
the acid, which was thus partially converted into car- 
bonic oxide §. 

Action of 4. Water absorbs it gradually when allowed to re- 
^ attr ' main long in- contact with it.. The rapidity of the ab- 

sorption, as Mr Lane first discovered,, is much increased 
by agitation. At the temperature of 41° w T ater absorbs 
its. own bulk of this gas* The specific gravity of wa- 
ter saturated with it is l‘00l5.* This water,, at the 
temperature of 35°, has little taste > but if it be left a 


* Bergman, i. 9 . 

f At least near the surface of the earth. Lamanon, Mongez, and the 
other unfortunate philosophers who accompanied La Perouse in his last 
voyage, have rendered it not improbable, that at great heights the quan- 
tity of this gas is much smaller. They could detect nonr in the atmos^' 
phere at the summit of the Peak of TcnerifFe. — See Lamanon’s Memoir 

at ths end of La Perouse*s Voyage. 

§ Phil. Mag. xiv. 350 . 
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few hours in the temperature of 88°, it assumes ati 
Agreeable acidity, and a sparkling appearance*. 

Ice absorbs no carbonic acid : and if water containing 

y e> 

it be frozen, the whole separates in the act of freezing +. 
This gas also separates from water at the., boiling tem- 
perature 

By means of artificial pressure, the quantity of this 
gas absorbed and condensed by water is much increased. 
Some of the aerated alkaline water, prepared" in Britain 
as a medicine* is said to contain about thrice its volume 
of carbonic, acid gas i. 

When this liquid carbonic acid is left exposed to the 
air in ,an open vessel, the acid soon makes its escape in 
the form of gas, and leaves the water in a state of pu- 
rity. Bergman left a bottle filled with carbonic acid 
gas uncorked, and found that in a few days it contained 
slothing but common air* 

5. Carboniq acid is not acted upon by oxygen, nor 
is it altered by any of the simple combustibles, incom- 
bustibles, or metals. Charcoal indeed absorbs it, but it 
gives it out again unchanged. From the experiments 
of Rouppe and Van Noorden, it appears - that this ab- 
sorption is exceedingly rapid, provided the charcoal be 
sufficiently freed from air, by allowing it to cool from a 
red heat in a vacuum. They found that charcoal is ca- 
pable of absorbing rather more than fourteen times its 
bulk of carbonic acid gas These experiments have 
been confirmed by others made in a different way by 


* Bergman, i. 9. f Priestley, i. *20. } Ibid. 

§ A vety convenient apparatus for this purpose has been contrived hf 
Mr Gilbert Austin, arid described in the hub Transactions , viii. 131. 

^ Jinn, de Chun, xxxii. 1 1 . 
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Book II. 
Division II. 


Carbonates. 


Count Morozzo *. At a red heat charcoal converts U‘ 
into carbonic oxide gas. 

Phosphorus is insoluble in carbonic acid gas +; but 
phosphorus is capable of decomposing this acid by com- 
pound affinity; when assisted by a sufficient heat, as has 
been demonstrated by Tennant and Pearson. Iron also 
and zinc, and several other metals, are capable of pro- 
ducing the same effect, as has been discovered by Priest- 
ley and Cruikshanks. In the first case the phosphorus 
is partly acidified, partly combined with lime, and char- 
coal is deposited: in the second, the metals are oxidi- 
zed, and the gaseous oxide of carbon evolved. 

When carbonic acid is mixed with sulphureted, 
phosphu-reted, or carbureted hydrogen gas,, it renders 
them- less combustible,. but produces no farther sensible- 
change. 

(5. This acid is capable of combining with alkalies, 
and with several of the earths and metallic oxides, and 
forms with them salts, distinguished by the name of 
carbonates. All the earthy carbonates are insoluble in 
water. Hence the reason that carbonic acid renders 
lime water, barytes water, and strontian water turbid. 
The earth held in solution in these waters combines ra- 
pidly with the carbonic acid, which is of course ab- 
sorbed, if in the state of gas, while- the carbonate form- 
ed precipitates slowly in the form of a white powder. 
This occasions the milkiness which immediately en- 
sues. As carbonic' acid is the only gas not instanta- 
neously absorbable by twater, which renders lime wa~ 


* Nicholson’s JW«a/, ix. a6a. 
f Fourcroy and Vauquelin* Ibid. xxi. 2Q 
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■fftS 


or barytic or strontian water, turbid, its presence t ^ ha P» IT - 
may be always ascertained by means of these liquids. 

As it is completely absorbed by them, it may be easily 
separated by them from other gase9 with which it may 
be mixed, and its quantity ascertained by the diminu- 
tion of volume which the residuum of gas has under- 
gone. 

7. From the experiments of Saussure, it appears that 
carbonic acid scarcely combines with alumina*. 

Water containing a little soda, and supersaturated 
with carbonic acid, has been employed with much ad- 
vantage under the name of aerated alkaline water, as a 
palliative in cases of urinary calculus. 

8. The opinions of chemists concerning the compost- Composi- 
te# of carbonic acid have undergone as many revolu- tlon " 
tions as its name. Dr Priestley and Be*gman seem at 

•first to have considered it as an element ; and several 
celebrated chemists maintained that it was the acidify- 
ing principle. Afterwards it was discovered to be a 
compound, and that oxygen gas was one of its compo- 
nent parts. Upon this discovery the prevalent opinion 
of chemists was, that it consisted of oxygen and pblo-r 
giston ; and when hydrogen and phlogiston came (ac- 
cording to Mr Kirwan’s theory) to signify the same 
thing, it was of course maintained that carbonic acid 
was composed of oxygen and hydrogen : and though 
Mr Lavoisier demonstrated, that it was formed by the 
combination of carbon and oxygen, this did not prevent 
the old theory from being maintained ; because carbon 
•was itself considered as a compound, into which a very 


* Jour, 'da Pbys. Hi.- 2, So 
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Boolrl., great quantity of -hydrogen entered. But after Mr 

Division rr. ® . ? - " G . 

y-y- — ' Lavoisier hud demonstrated, that the weight of the car* 
bonic acid produced was precisely equal io the charcoal 
and oxygen employed ; after Mr Cavendish had dis- 
covered that oxygen and hydrogen when combined did 
not form carbonic acid, but water — it was no longer 
possible to hesitate that this acid was composed of car- 
bon and oxygen. Accordingly all farther dispute about 
it seems now at an end. At any rate, as we have al- 
ready examined the objections that have been made to 
this conclusion, it would be improper to enier upon 
them here. From the experiments of Mr Smithson 
Tennant, compared with those of Lavoisier, and Messrs 
Allen and Pepys, we may- consider carbonic acid as 
composed of about 

2S carbon 
12 oxygen 

100 

TVconpesi- If any thing -was still wanting to put this conclusion 
beyond the reach of doubt, ir was to decompound carbo- 
nic acid, and thus to exhibit its component parts by 
analysis as well as synthesis. This has been actually 
done by the ingenious Mr Tennant. Into a tube of glass 
he introduced a bit of phosphorus and some carbonate 
of lime. He then sealed the tube hermetically, and ap- 
plied heat. Phosphate of lime was lorrned, and a 
quantity of charcoal deposited. Mow phosphate of 
lime is composed of phosphoric acid and lime ; and 
phosphoric acid is composed of phosphorus and oxygen. 
The substances introduced into the tube were phospho- 
rus, lime, and carbonic acid ; arui the substances found 
in it were phosphorus, lime, oxygen, and charcoaL 



■FLUORIC. 


J2i;5 

TCJie carbonic acid, therefore, must have been decom- , i 

posed, and it must have consisted of oxygen and char- 
coal. This experiment was repeated by Dr Pearson, 
who ascertained that the weight of the oxygen and 
.charcoal were .together equal to that of the carbonic acid ‘ 
which had been introduced : and in order to show that 
it was the carbonic acid which had been .decomposed, 
he introduced pure .lime and j)hos.phorus ; and instead 
of obtaining phosphate. of lime and carbon, begot no- 
thing but phosphuret of lime. These experiments* - 

were also confirmed by Messrs Fonrcroy, Vauquelin, 

Sylvestre, and Broigniart +. 


SECT. VL 

OF -FLUORIC ACIB. 


The mineral called fiuor or fusible spar , and in this Histoc’% 
country Derbyshire spar 9 was not properly distinguish- 
ed from other spars tiHTMargraff published a disserta- 
tion on it in the Berlin Transactions for 17 < 3 B. He 
first proved that it contained no sulphuric acid as had 
been formerly supposed ; he then attempted to decom- 


* Ann. dcC'riir.. xiii. ^12. 

f Count M ussin-Ptischh in having boiled a solution of carbonate of 
jpotash on purified phosphorus, obtained charcoal. This he considered 
.as an instance of the decomposition of carbonic acid, andjasa confirmation 
of the experiments related in the. text. See An r. J* Chios, xxv. 105. 
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Book 1L p 0 se it by mixing together equal quantities of this mi- 
neral and sulphuric acid, and distilling them. B y this 
•method he obtained a white s ultimate, which he sup- 
posed to be the fluor itself volatilized by the acid. He 
•observed with astonishment that the glass tetort was 
•corroded, and even pierced with holes. Nothing more 
was known concerning fluojr till Scheeie published his 
experiments three years after; by which he proved that 
it is composed chiefly of lime and a particular acid, 
which has been called jluoric acid . 

It is always obtained from fluor spar, in which mine- 
ral it is found in abundance'. For the investigation 
of the properties of this acid, we are indebted chiefly to 
Scheeie and Priestley. • * <• 

Prepara- 1 . It may be obtained by putting a quantity of the 

tion. . , 

spar in' powder into a retort, pouring over it an equal 

quantity of sulphuric acid, and then applying a very 
gentle heat. A gas issues from the beak of the retort^ 
which may be received in the usual manner in glass 
jars standing. over mercury. ‘ This gas is fluoric acid 
The acid may be obtained dissolved in w T ater by 
luting to the retort a receiver containing water. The 
distillation is to be conducted with a very ■ moderate 
heat, not only to allow the gas to condense, but. also to 
prevent the fluor itself from subliming. After the pro- 
cess, provided a' glass retort has been employed, a crust 
of white earth is found in the receiver, which has all 
the properties of silica. 


* In order to obtain this acid pure, platinum or silver vessels ought ta 
be employed ; for the acid dissolves a portion of glass and even of leadeft 
vessels. 


" FLUORIC* 

Scheele supposed that the silica produced was form- 
ed of fluoric acid and water ; and Bergman adopted the 
'same opinion. But Wiegleb and Bucholz showed that 
the quantity of silica was exactly equal to what the re- 
tort lost in weight ; and Meyer completed the. proof 
that it was derived from the glass, by the following ex- 
periment : He put into each of three equal' cylindrical 
tin vessels a mixture of three ounces of sulphuric acid 
and one ounce of fiuor, which had been pulverized in a 
mortar of metal. “ Into the first he put one ounce of 
pounded glass; into the second, the same quantity of 
quartz in powder ; and into the third, nothing. Above 
each of the vessels he hung a sponge moistened with 
water ; and having covered them, he exposed them to 
a moderate heat. The sponge in the first cylinder was 
covered with the crust in half an hour : the sponge in 
the second, in two hours ; but no crust was formed in 
the third, though it was exposed several days. In con- 
sequence of this decisive experiment Bergman gave up 
his opinion, and wrote' an account of Meyer’s experi- 
ment to Morveau, who was employed in translating his 
works, to enable him to correct the mistake in his notes. 

Soon after the discovery of this acid, difficulties and 
doubts concerning its existence as a peculiar acid were 
started by some French chemists, disguised under the 
name of Boulanger, and afterwards by Mr Achard and 
Mr Monnet. To remove these objections Mr Scheele 
instituted and published a new set of experiments ; 
which not only completely established the peculiar na- 
ture of the fluoric acid, but once more displayed the 
unrivalled abilities of the illustrious discoverer It 
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* Scheele* ii. 38, and CrelTs Annals , 1786, i. 3. 
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Book I?, would be needless to -enumerate these objections, as they 

Division 1L . . • . _ ■ ... J 

a v f originated entirely from want, of precision, and did no 1 

produce a single convert. 

Properties. 2. Fluoric acid gas is invisible and elastic like air ; 

it does not maintain combustion, nor can animals breathe 
it without death. It has a pungent smell, not unlike 
that of muriatic acid. It is heavier than common air- 
It corrodes the skin almost instantly. 

S. Neither Caloric nor light produce any alteration on 
it. 


Action of 
-water. 


Of simple 
bodies. 


rl'jates. 


4. When water is admitted in contact with this gas., 
it absorbs it rapidly ; and if the gas has been obtained 
by means of glass vessels, it deposits at the .same time a 
quantity of silica. 

Water absorbs a considerable proportion of this gas* 
but the precise quantity has net been determined. The 
compound is usually termed fluoric acid by chemists.. 
It is specifically -heavier than water, has an acid taste, 
reddens vegetable blues, and does not freeze till cooled 
down to 23 ° *. When heated, the acid gas is easily 
expelled, except the last portions of it, which adhere 
with great obstinacy. 

5. Neither oxygen gas nor any of the simple com- 
bustibles or incombustibles produce any change on flu- 
oric acid, either in the gaseous or liquid state. 

6. Fluoric acid gas does not act upon any of the me- 
tals; but liquid fluoric acid is capable of oxidizing iron, 
zinc, copper, and arsenic. It does not act upon gold, 
platinum, silver, mercury, lead, tin, antimony, cobalt. 

*7. It combines with alkalies, earths, and metallic ox- 


* Priestley, ii. 361. 
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ides, and forms with them salts which are denominated 
jluates. • 

The most singular property of fluoric acid is the fa- 
cility with which it corrodes glass and siliceous bodies, 
especially when hot, and the ease with which it holds 
silica in solution even when in the state of gas. This 
affinity for silica is so great, that the thickest glass ves- 
sels can, only withstand its action for a short time ; and 
the greatest precautions are. scarcely sufficient to obtain 
it entirely free from siliceous earth. 

8. It produces no change, as far as is known, upon 
any of the acids already described. 

9, As fluoric acid produces an insoluble compound 
with lime, it may be employed with great advantage, 
as Pelletier has observed, to detect the presence of that 
earth when held in solution. A drop or two of the 
acid causes a milky cloud or precipitate to appear, if 
any lime be present. The property which this acid has u sed 
of corroding glass, has induced several ingenious men glass, 
to attempt, by means of it, to engrave, or rather etch 
upon glass. The glass is covered completely with wax ; 

and then that part where the letters or figures are to ap- 
pear is laid bare by removing the wax. The whole is 
then exposed for some time to the hot vapours of fluo- 
ric acid. This simple process is employed with ad- 
vantage in writing labels on glass vessels, and in gradu- 
ating thermometers, and other similar instruments. The 
discovery is by no means new : It has been shown by- 
Beckman and Accum, that this acid was employed for 
that purpose by Henry Swanhard, an artist of Nurem- 
berg, as early as 1670. He seems to have kept his 
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Book IL art for some time secret ; but the receipt was made pub» 

pi vision l^. ^ p au ]i J n 2 725 *. 

^^P osi * Till lately we were entirely ignorant of the consti- 
tuents of this acid. 'Dr Henry tried in vain to decom- 
pose it by means of electricity ; but Mr Davy’s late 
attempts have been more successful. Potassium has 
ihe property of decomposing it, and the decomposition 
is attended with combustion f . A proof that oxygen is 
one of its constituents. The base of the acid is analo- 
gous to sulphur It combines with the potash form- 
ed, or with the potassium if there be an excess of that 
substance. It is .combustible, and produces by its 
combustion fluoric acid. Hence it is obvious that this 
acid is truly an acid product. No name has hitherto 
been given to its peculiar basis. 


* Sec Beckman’s History of Inventions , and Accum, Nicholson’s Jour- 
nal. iv. i. — The following advertisement, published by these gentlemen 
from a German publication of 1725, will give an idea of the method em- 
ployed by that artist. “ Take spiritus nitri per distillationem, put it 
into a retort, and apply a strong heat. -When it has passed over into the 
receiver, throw into it some powdered green Bohemian emerald (which, 
when heated, shines in the dark), otherwise called hesphorus . This be» 
ing done, place the receiver, containing the mixture, on a heated sand^ 
bath for about four-and- twenty hours, and it will be fit for the purpose. 
To use this corrosive acid, take a pane of glass of any kind, clean it well, 
and free it from grease by washing with a ley ; and when dry, trace out 
upon it, with sulphur and varnish, whatever you choose. Put a border 
•of bees wax round it about one inch high, and then pour the, corrosive 
acid, prepared as before directed, carefully over the whole surface of the 
glass, and let it stand undisturbed for some time ; the longer the better. 
The glass will become corroded ; and all you had traced before will now 
appear as if raised, or elevated, above the surface of the glass, in a very 
distinct and pleasing manner.” The hesphorus here mentioned was cm- 
dently flu or spar. 

f Phil, Mag. xxxiii, 89. | Nicholson’s Journal? xxii. 238* 


BORACXC. 


SECT. VII. 

OF BORACIG ACID. 

The word borax first occurs in the works of Geber, History 
an Arabian chemist of the 10th century. It is a name 
given to a species of white salt much used by various 
artists. Its use in soldering metals appears to have 
Been known to Agricola. 

Borax is found mixed with other substances in Thi- 
bet. It seems to exist in some lands adjacent to lakes, 
from which it is extracted by water, and deposited in 
those lakes ; whence in summer, when the water is 
shallow, it is extracted and carried off in large lumps. 
Sometimes the water in these lakes is admitted into re- 
servoirs ; at the bottom of which, when the water is 
exhaled by the summer’s heat, this salt is found. Hence 
it is carried to the East Indies, where it is in some 
measure purified and crystallized : in this state it comes 
to Europe, and is called tincal. In other parts of Thi- 
bet, it seems, by accounts received from China, they 
dig it out of the ground at the depth of about two yards, 
where they find it in smaller crystalline masses, called 
by the Chinese mi poun, houi poun 9 and pin pouin ; and' 
the earth or ore is called pounxa 

Though borax has been in common use for nearly^ 
three centuries, it was only in 1102 that Romberg, by 
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* Kir wan** Miner, ii. 37. 
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Book II. 
Division II. 


distilling a mixture of borax and green vitriol, disco 
vered the horacic acid . He called it narcotic or sedative 
salty from a notion of his that it possessed the proper- 
ties indicated by these names* In his opinion, it was 
merely a product of the vitriol .which he had used; but 
Lemery the Younger soon after discovered, that it could 
likewise be obtained from borax by means of the nitric 
and muriatic acids. Geoffroy afterwards discovered 
that - borax contained soda ; and at last Baron proved, 
by, a number of experiments, that borax is composed 
of boracic acid and soda ; that it maybe reproduced by 
combining these two substances ; and that therefore the 
boracic aeid is not formed during the decomposition of 
borax, as former chemists had imagined, but is a pecu- 
liar substance which pre-existed in that salt. 

This conclusion has been called in question by Mr 
Cadet*; who affirmed, that it was composed of soda, 
the verifiable earth of copper , another unknown metal, a?id 
muriatic acid . But this assertion has never been con- 
firmed by a single proof. Mr Cadet has only proved, 
that boracic acid sometimes contains copper ; and Bau- 
me’s experiments are sufficient to convince us, that this 
metal is merely accidentally present, and that it is pro- 
bably derived from the vessels employed in crystalli- 
zing borax ; that boracic acid generally contains a little 
of the acid employed to separate it from the soda with 
which it is combined in borax ; and that crude borax 
contains a quantity of earth imperfectly saturated with 
boracic acid. All which may be very true ; but thej r 
are altogether insufficient to prove that boracic acid is 


& four- dc P/jjs. 1 7 83 * 
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not a peculiar substance, since it displays properties . Cha P‘ IL i 
different from every other body. 

Messrs Exschaquet and Struve * have endeavoured, 
on the other hand, to prove, that the phosphoric and 
boracic acids are the same. But their experiments 
merely show, that these acids resemble one another in 
several particulars ; and though they add considerably* 
to our knowledge of the properties of the phosphoric 
acid, they are quite inadequate to establish the principle 
which these chemists had in view ; since it is not suf- 
ficient to prove the identity of the two acids, to show 
us a resemblance in a few particulars, while they differ 
in many others. Boracic acid must therefore be consi- 
dered as a distinct substance. 

1. The easiest method of procuring boracic acid is Prepare 
the following one : Dissolve borax in hot water, and 

filter the solution ; then add sulphuric acid, by little and 
little, tiil the liquid has a sensibly acid taste. Lay it 
aside to cool, and a great number of small shining lami- 
nated crystals will form. These are the boracic acid. 

They are to be washed with cold water, and drained 
upon brown paper. 

2. Boracic acid, thus procured, is in the form of thin Properties., 
hexagonal scales, of a silvery whiteness, having some 
resemblance to spermaceti, and the same kind of greasy 

feel. It has a sourish taste at first f, then makes a bit- 
terish cooling impression, and at last leaves an agreeable 
sweetness. It has no smell 5 but when sulphuric acid 


* Jour . de Pbys. xxviii. i ! 6. 

f Owing- most probably to the remains of the acid employed in pro- 
curing it ; for it loses that taste when heated to redness. 
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Action of 
water, 


Of simple 
bodies. 


is poured on it, a transient odour of musk is produ- 
ced*. 

It reddens vegetable blues. Its specific gravity is 
1*479 f while in the form of scales ; after it has been 
fused it is 1*803 J. 

3. It is not altered by light. It is perfectly fixed in 
the fire. At a red he#t it melts, and is converted into 
a hard transparent glass ; which becomes somewhat 
opaque when exposed to the air, but does not attract 
moisture. 

4. It is much less soluble in water than any of the 
acids hitherto described. Boiling water scarcely dis- 
solves 0*02 of boracic acid, and cold water a still smaller 
quantity. When this solution is distilled in close ves- 
sels, part of the acid evaporates along with the water, 
and crystallizes in the receiver. Water, therefore, ren- 
ders it in some measure volatile, though it is perfectly 
fixed when in a state of dryness. 

5. Neither oxygen gas, the simple combustibles, the 
simple incombustibles, nor the metals, produce any 
change upon boracic acid, as far as is at present known, 

6. It is soluble in alcohol ; and alcohol containing it 
burns with a green fiatne. Paper dipped into a solution 
of boracic acid burns with a green flame. 

Though mixed with fine powder of charcoal, it is ne- 
vertheless capable of vitrification; and with soot it melts 
into a black bitumen-like mass, which is, however, so- 
luble in water, and cannot be easily calcined to ashes ? 
but sublimes in part §. 


* Reuss, da Sqle Sadat. 1778. f Kirwan’s Min. ii„ 4: 

| Hassenfratz, Ann* da Chim . xxviii, XX. § Keir’s Dictionary . 
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With the assistance of a distilling heat, it dissolves in 
oils, especially in mineral oils ; and with these it yields 
fluid and solid products, which give a green colour to 
spirit of wine. 

When boracic acid is rubbed with phosphorus, it 
does not prevent its inflammation 4 but an earthy yel- 
low matter is left behind 

It is hardly capable of oxidizing or dissolving any of 
the metals except iron and zinc, and perhaps copper. 

Boracic acid combines with alkalies, alkaline earths, 
and alumina, and most of the metallic oxides, and forms 
compounds which are called borates . 

The component parts of this acid were till lately un- 
known.* Fabroni announced that he considers it as a 
modification of muriatic acid, and that it may be pre- 
pared from that acid ; but he has not yet published the 
experiments upon which these opinions are founded f. 
A very curious set of experiments have been made on it 
by Crell- By digesting oxymuriatic acid on it for a 
very long time, he succeeded in decomposing it, and 
obtained from it a substance exactly resembling char- 
coal in its properties, and a volatile acid resembling the 
muriatic in the greater number of its properties, but 
differing from it in not precipitating lead from its solu- 
tion J. Mr Davy has succeeded in decomposing this 
acid by means of potassium, and has shown that it is 
composed of oxygen, and a combustible basis of a black 


Ghsp/U, 


Compost* 

tion. 


* Keir’s Dictionary, * i Fourcroy, ii. 128. 

f Ann.de Chim . xxxv. 202.-— Crell considers this volatile acid as very 
similar to the selacic . 

Vd. n. ?" 
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Book IL colour,, which has a greater resemblance to charcoal 
Division 1% tQ an ^. 0 ^ er substance *. It Becomes white, ancL 

is doubtless converted into boracic acid by exposure to 
the air. 


* Nicholson's Jour* xxii. 22P* 
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class ir. 


ACID supporters. 


The acid supporters are distinguished by the follow- propertiesf 
ing properties : 

1. They cannot be produced by combustion. Hence 

their base is either a simple incombustible or a metallic 
oxide. . .... 

2. They are capable of supporting combustion. Hence 

they readily acidify the combustible basest and convert 
most of the metals into oxidesr * , 

3. They are decomposed by -exposure to a high terti-i 
perature ; their oxygen in that case making its escape 
in the state of a gas. 

The only acids which possess these properties in per~ 
fection are those which have the simple incombustibles 
and arsenic for their bases 5 but from analogy I refer 
the whole of the metallic acids to this head. None o£ 
them can be produced by combustion ; and as they 
contain a maximum of oxygen/ they are of course in- 
combustible : They cannot, therefore, be referred to any" 

©f the other two classes. 
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The following Table exhibits a view of all the acid' 
supporters, their composition, and the proportion of 
their constituents, as far as they have been ascertained- 


Number 
and compo- 
sition. 


Acids. 

Bases. 

Proportion of 
Oxygen to ioo 
Base. 

Nitric 

Nitrous 

Azote 

236 

Oxymuriatic 

Muriatic acid 

29 

Hyperoxy muriatic 

194 

Arsenic 

Arsenic 

53 

Tungstic 

Tungsten 

25 

Molybdic 

Molybdenum 

50 

Chromic 

Chromium 

200 

Columbic 

Columbium 

■■ 


Some of these acids are of great importance in che- 
mistry. This is chiefly owing to their activity : for 
which they are indebted to the state of the oxygen 
which they contain- The theory of Lavoisier applies 
with precision to this class of acids as well as to the 
first. 
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SECT. I. 

OF NITRIC ACID® 

Citric acid seems to have been first obtained in a History, 
separate state by Raymond Lully, who was born at Ma- 
jorca in.. £ 235 - He procured it by distilling a mixture 
of nitre and clay. Basil Valentine, who lived in the 
3.5th century, describes the process minutely, and calls 
the acid water of nitre. It was afterwards denomina- 
ted aqua fortis and spirit of nitre . The name nitric acid 
was first given it in 1787 by the French chemists. 

- 1. It is generally obtained in large manufactories by ^ ara * 
distilling a mixture of nitre and clay ; but the acid pro- 
cured by this process is weak and impure. Chemists 
generally prepare it by distilling three parts of nitre 
and one of sulphuric acid in. a glass retort. This me- 
thod was first used by Glauber. The neck of the re- 
tort must be luted into a receiver, from which there 
passes a glass tube into a bottle with two mouths^ con- 
taining a little water, and furnished with a tube of safe- 
ty *. From the other mouth of this bottle there passes 


* A tube of safety is a tube open at its upper end, and having its 
.lower end plunged in water. The water prevents any communication 
between the external air and the inside of the apparatus. If a vacuum 
happens to he formed within the vessels, the external air rushes down 
through the tube and prevents any injury to the vessels. On the other 
hand, if air is generated in the -vessels, it forces the water up the tube, 
the height of which becomes thus the measure of the elasticity of the air 
in the vessels. By this contrivance the apparatus is in no danger of be- 
ing broken, which otherwise might happen. 
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a tube into a pneumatic apparatus to collect the gas 
which is .evolved during the process- The apparatus 
is represented in fig. 12. The retort is to be heated 
gradually almost to redness. The nitric acid comes 
over and is condensed in the receiver, while the com- 
mon air of the vessels, and a quantity of oxygen gas 
which is evolved, especially towards the end of tl>e pro- 
cess, passes into the pneumatic apparatus ? and the wa- 
ter in the bottles is impregnated with some acid which 
is not condensed in the receiver. 

The acid, thus obtained, is of a yellow colour, and 
almost always contains muriatic and sulphuric acid, from 
which it is difficult to free it completely. Perhaps the 
best way is to purify the nitre beforehand by repeated 
crystallizations, and by throwing down the muriatic acid 
that may adhere after all, by means of nitrate of silver 
From the experiments of L^ssone and Cornette, it ap- 
pears that if nitric acid contaminated with muriatic be 
distilled with precaution, the whole of the muriatic acid 
comes over with the first portions, and the last portions 
are quite free from it *. The common method is to mi^c 
Impure nitric acid with nitrate of silver, to separate the 
precipitate, and re-distil. This method succeeds only 
when the acid is strong ; if it be weak, a portion of mu- 
riatic acid still adheres to it. The sulphuric acid may 
be separated by rectifying the acid, by distilling it slow- 
ly, and withholding the last portions, qx by distilling it 
pff litharge or nitrate of barytes. 

After these foreign bodies are separated, the acid stilly 
|*etains a quantity of nitrous gas, to which it owes it$ 


* Mem. Par. 178 r, p. 64J.. 
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Action of 
water. 


colour and she red fumes which it exhales. This gas Chap 
-may "be expelled by the application of heat. Pur z nitric 
acid remains behind, transparent and colourless, like 
water. 

2. When newly prepared in this manner, it is a li- Properties, 
.quid as transparent and colourless as water ; 'but the 
affinity between its component parts is so weak, that the 

action of light is sufficient to drive off a part of its oxy- 
gen in the form -of gas ; and thus, by converting it 
partly into nitrous gas, to makelt assume a yellow co- 
lour. Its tasteis exceedingly acid and peculiar. It is 
very corrosive, and tinges the skin of a yellow colour, 
which does not disappear till the epidermis comes off. 

It is constantly emitting white fumes, which have an a- 
erid and disagreeable odour. 

3. It has a strong affinity for water v , and’has never yet 
•been obtained except mixed with that liquid. When 
.concentrated, it attracts moisture from the atmosphere, 
but not so powerfully as sulphuric acid. It also pro- 
duces heat when mixed with water, owing evidently to 
the concentration of the water. 

The specific gravity of the strongest nitric acid that 
can be procured is, according to’Roudle, 1'5S3 ; but 
at the temperature of <50°, Mr Kirwan could not pro- 
cure it stronger than 1*5543. 

But as this liquid acid is a compound of two ingre- Of the 

", . , strength of 

dients, namely, pure nitric -acid and water, it becomes- nitric acid* 

an object of the greatest * consequence to ascertain the 

proportion of each of these parts. This problem has 

lately occupied the attention of Mr Kirwan, who has 

-endeavoured to solve it in the following manner. 

He dried a quantity of crystallized carbonate of soda 
#n a red heat and dissolved it in water, in such a pro- 
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portion that 367 grains of the solution contained 50*05 
of alkali. He saturated 367 grains of this solution 
with 147 grains of nitric acid, the specific gravity of 
which was 1*2754, and which he ascertained to contain 
45*7 per cent . of acid, of the specific gravity 1*5543, 
chosen by him as a standard. The carbonic acid driven 
off amounted to 14 grains. On adding 939 grains of 
water, the specific gravity of the solution, at the tem- 
perature of 58, *5°, was 1*0401. By comparing this 
with a solution of nitrate of soda, of the same density, 
precisely in the manner described formerly under sul- 
phuric acid, he found, that the salt contained in it 

amounted to — ■ , of the whole. There was an ex- 

16 *9 01 

cess of acid of about two grains. The weight of the 
whole was 1439 grains: The quantity of salt conse- 
1439 

quently was 85*142 grains. The quantity 

of alkali was 50*05 — 14 = 36*05. The quantity of 
standard acid employed was 6 7* IS ; the whole of which 
amounted to 103*23 grains : but as only 85*142 grains 
entered into the composition of the salt, the remaining 
18*088 must have been pure water mixed with the ni- 
tric acid. Blit if 67*18 of standard acid contain 18*088 
of water, 100 parts of the same acid must contain 
26*92*. 

One hundred parts of standard nitric acid., therefore, 
are composed of about 73*62 parts of pure nitric acid, 
and 26*38 of water. But as Mr Kirwan has not pro- 
ved that nitrate of soda contains no water, perhaps thf? 


f Irish Tram . iv, z. 
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proportion of water may be greater. He has rendered it Chnp u. 
probable, however, that nitrate ,of soda contains very 
little water. 

Mr Kirwan’s real acid, then, is nitric acid, of that 
degree of strength which enters into the composition of 
nitrate of soda. The proportion .of this real acid, con- 
tained in nitric acid of different specific gravities, has 
been given by Mr Kirwan in the following Ta£LE : 


ico Parts 
Sp. Gravity. 


1-5543 

1-5295 

1-51S3 

1-5070 

1-4957 

1-4844 

1-4731 

1-4719 

1-4707 

1-4695 

1-4683 

1*4671 

1-4640 

1-4611 

1-4582 

1-4553 

1-4524 

1-4471 

1-4422 

1-4373 

1-4324 

1-4275 

1-4222 

1-4171 

1-4120 

l*40d9 

1-4018 


Real 

Acid. 


73'54 

69-86 

69-12 

68*39 

67-65 

66-92 

66-18 

65-45 

64-71 

63-98+ 

63-24 

62-51 

61-77 

61-03 

60-30 

59-56 

58-83 

58-09 

57-36 

56-62 

55-S9 

55-15 

54*12+ 

53-68 

52-94 

52-21 

51-47 


iOO Parts 
Sp. Gravity. 


1*3975 

1-3925 

1-3S75 

1*3825 

1-3775 

1-3721 

1*3671 

1-3621 

1-3571 

1-3521 

1-3468 

1-3417 

1-3364 

1-3315 

1-3264 

1-3212 

1-3160 

1-3108 

1-3056 

1-3004 

1-2911 

1*2812 

1-2795 

1-2779 

1-2687 

1-2586 

1-2500 


Real 

Acid. 


50*74 

50-00 

49*27 

48*53 

47-80 

47-06 

46*33 

45*59 

44-86-f* 

44-12 

43-38 

42*65 

41*91 

41*18 

40*44 

39*71 

38*97 

38-34 

37-50 

36-77 

36*03 

35*30-f 

34-56 

33-82 

33-09 

32-35 ! 

31-62 j 
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Mr ; Davy considers as pure acid the permanently 
elastic vapour or gas formed by saturating nitrous gas 
with oxygen gas. This gas is of a pale yellow colour, 
and a specific gravity 2*44 times that of air. It is nor. 
•pure acid, containing undoubtedly a portion of nitrous 
gas. The following Table exhibits the proportion of 
•this acid contained in nitric acid of different densities, 
accordingto the experiments of that ingenious chemist 


ioo Parts 
Sp. Gravity. 

Real 

Acid. 

ioo Parts 
Sp. Gravity. 

Real 

Acid. 

1-2464 

30-SS 

1*1779 

22*1,6 

1 2419 

30*15 

1*1701 

21*32 

1*2374 

29*41 

1*1639 

20*59 

1'2291 

29*68 

1*1581 

19*85 

1-2209 

.2 7*94 

1*1524 

19*12 

1-21S0 

27*214-, 

1*1421 

18-48 

1*2152 

26*47 

1*1319 

17*65+ 

1*2033 

25*74-4- 

1*1284 

10*91 

1-2015 

25*00 

1*1241 

16*17 

-1*1963 

24*26 

1*1165 

15*44 

1*1911 

23*53 

1*1111 

14*70 

1-1845 

| 24*79 

1*1040 

13*27 


ioo Parte 
Nitric acid, 
of Sp. G r. 

True acid. 

Water. 

1*5040 

'91*55 

8*45 

1*4475 

80*39 

3 9*61 

1-4285 

71*65 

28*35 

3*3906 

' 62*96 

! 3 7*0 1* 

1*3551 ' 

50* 3S 

45*12 

1-3 ISO 

62*08 

47*97 ‘ 

1*3042 

i 49*04 

50*9 0 

1*2881 

40-03 

5 3*97 

1/2090 

1 45*27 

54*73 ; 


T 


* Davy’? /i '.searcher. 


F- **• 
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4. When nitric acid is exposed to the action of heat, 
it boils at the temperature of 248 ° *, and evaporates com- 
pletely without alteration ; but when made to pass 
through a red hot porcelain tube, it is decomposed, and 
converted into oxygen and azotic gasf. When cooled 
down to — 66°, it begins to congeal ; and when agita- 
ted, it is converted into a mass of the consistence of but- 
ter J. But an account of the freezing points of this 
acid, as ascertained by Cavendish, has .been already 
given in a preceding part of this Work §. Lassone and 
Cornette have ascertained, that when weak nitric acid 
is boiled or distilled, the weakest portion comes first 
over into the receiver ; but when the acid is concen- 
trated, the strongest portion comes first over |[. 

5. Oxygen gas has no action whatever on nitric acid ; 
but all the simple combustibles decompose it, unless 
we are to except the diamond. When poured upon 
sulphur or phosphorus^ at a high temperature, it sets 
them on fire ; but at a moderate temperature it con- 
verts them slowly into acids, while nitrous gas is ex- 
haled. It inflames charcoal also at a high temperature, 
and even at the common temperature, provided the char- 
coal be perfectly dry and minutely divided **. Hydro- 
gen gas produces no change on it at the temperature of 
the atmosphere ; but when passed along with it through 


* Bergman, ii. 142. f Fourcroy, ii. Sz. 

t Fourcroy and Vauquelin, Ann. de Chivt. xxix. 2.82. 

$ Vol. L p. 523. jj Pur. 1781, p. 645. 

^ According to Brngnatelli, when a bit of phosphorus is wrapt up ia 
paper, dipt in nitric acid, and struck smartl with a hammer upon an 
anvil, a detonation takes place Jour, de Cbinu iv. 113. — Wirh me, how» 
ever, the experiment did not succeed. **' Proust. 
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Bookll. a red hot porcelain tube, it detonates with great vio- 
p» v ision_lL j ence . water i s formed, and azotic gas evolved *. 

When this acid is poured upon oils, it sets them on 
fire. This is occasioned by a decomposition both of 
the acid and oil. The oxygen of the acid combines with 
the carbon and with the hydrogen of the oils, and at 
the same time lets out a quantity of caloric. Hence we 
see that the oxygen which enters into the composition 
of the nitric acid still contains a great deal of caloric ; 
a fact which is confirmed by a great number of other 
phenomena. The combustion of oils by this acid was 
first taken notice of by Borrichius andSlare +£ but it is 
probable that Homberg communicated it to Slare. In 
order to set fire to the fixed oils, it must be mixed with 
some sulphuric acid ; the reason of which seems to be, 
that these oils contain water^ which must be previously 
removed. The sulphuric acid combines with this wa- 
ter, and allows the nitric acid, or rather the oil and ni- 
tric acid together, to act. The drying oils do not re- 
quire any sulphuric acid : they have been boiled, and 
consequently deprived of all moisture. 

G. Azote has no action on nitric acid ; hut muriatic 
acid decomposes it by combining with a portion of its 
oxygen, nitrous gas and oxymuriatic gas being evolved. 
A mixture of nitric and muriatic acids was formerly 
called aqua regia it is nbw known by the name of ni r 
tro-muriatic acid, 

7. It is capable of oxidizing all the metals except 
gold, platinum and titanium. It appears, from the 

* Fourcroy, ii. 8a. f Phil. Tram. Abr. ii. 653, and in. 66 3. 

t Nitre, however, acts upon platinum, as Mr Tennant has proved. 
Phil. Trans , 1797. — Morveau had made the same observation in the Eli- 
■metis de C Ernie de /’ Academic de Dijon. 
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experiments of Scheffer, Bergman* Sage, and Tillet, 
that nitric acid is capable of dissolving (and conse- 
quently of oxidizing) a very minute quantity even of 
gold. 

It even sets fire to zinc* bismuth, and tin,- if it her 
poured on them in fusion, and to filings of iron if they 
be perfectly dry 

8. Nitric acid combines with alkalies, earths, and the 
oxides of metals, and forms compounds which are call- 
ed nitrates . 

9. Nitric acid absorbs nitrous gas with great avidity, 
assumes a yellow or brown colour, and the property of 
emitting dense yellow fumes. In this state it was for- 
merly known by the name of phlogistic ate d nitric acid . 

The liquid at present distinguished in most chemical 
books by the name of nitrous acid 9 is nothing else than 
this combination. Its nature was first investigated by 
Dr Priestley, who demonstrated, by very decisive ex- 
periments, that it is a compound of nitric acid and ni- 
trous gas. This Opinion was embraced,, or rather it was 
first fully developed* by Morveauf, But the theory 
of Lavoisier, which supposed the difference between 
colourless and yellow nitric acid, to depend merely on 
the first containing a greater proportion of oxygen than 
the second, for some time drew the attention of che- 
mists from the real nature of the combination. Ray- 
mond published a dissertation in 1796, to demonstrate 
the truth of the theory of Priestley and Morveau ; and 
the same thing has been done still more lately by Messrs 
Thomson and Davy 


* Proust, Dijon Academicians, and 'Cornette. 

f Ernyc. Method. Chim . 1 1$. t Davy’s Rescarslts, p. 3c. 
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proportions of nitrons gas, it is evident that there must 
be a great variety of nitrous acids , to use the common 
phrase, differing from each other in the proportion of 
nitrous gas which they contain ; unless we choose to 
confine the term to the compound formed by saturating 
nitric acid completely with nitrous gas. 

When nitrous gas is placed in contact with nitric 
acid, the acid absorbs it slowly, and. acquires first a 
pale yellow colour, then a bright yellow : When a con* 
siderable portion more of nitrous gas is absorbed, the 
acid becomes dark orange, then olive, which increases 
in intensity with the gas absorbed ; then it becomes of 
a bright green ; and lastly, when fully saturated, it be- 
comes blue green i Its volume and its volatility also 
increase with the quantity of gas absorbed ; and when 
fully saturated, it assumes the form of a dense vapour, 
of an exceedingly suffocating odour, and difficultly con- 
densible by water. In this state of saturation it is dis- 
tinguished by Dr Priestley by the name of nitrous acid 
vapour . It is of a dark red colour, and passes through 
water partly without being absorbed. The quantity of 
nitrous gas absorbed by nitric acid is very great. Dr 
Priestley found, that a quantity of acid, equal in bulk to 
four pennyweights of water, absorbed 130, ounce mea*- 
sures of gas without being saturated *. The component 
parts of nitrous acid, of different colours and densities, 
may be seen in the following Table, drawn up by Mr 
Davy, from experiments made by him tin purpose, with 
much precision f. 


* Priestley, i. 383; 


f Davy’s Researches tip. 37. 
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« ICO Parts. 

' 

Sp. Grav. 

Component Parts. 

Nitric acid.. 

Water. 

Nitrous G»as. 

Solid nitric acid 

1-504 

91*55 

8*45 

. - a 

' Yellow nitrous 

1**502 

90*5 

8*3 

2 

- Bright yellow . 

1*50-0 

88*94 

8*10 

2*96 

Dark orang.e ... 

1-480 

86*84 

7*6 

5*56 

Light olive. . . . 

1*479 

86*00 

7*55 

6*45 

Dark olive. . . . 

1**47S 

85*4 

7*5 

7*1 

Bright green. . . 

1*476 

84*8 

7*44 

7*76 

Blue green. ... . 

1*475 

84*6 

7*4 

8 * 0-0 


The colour of nitric acid depends, in some measure^ 
also on the proportion of water which it contains* 
When to yellow nitric acid concentrated, a fourth part 
by weight of water is added, the colour is changed to a 
fine green ; and when equal parts of water are added* 
it becomes blue *. Dr Priestley observed, that water 
impregnated with this acid in the state of vapour be- 
came first blue, then green, and lastly yellow. A green 
nitric acid became orange-coloured while hot, and re- 
tained a yellow tinge when cold. A blue acid became 
yellow on being heated in a tube hermetically sealed* 
An orange-coloured acid, by loqg keeping, became 
green, and afterwards of a deep blue ; and when ex- 
posed to air, resumed its original colour. When yel- 
low nitric acid is exposed to heat, the nitrous g.as is 
expelled, and nitric acid remains behind. The gas* 
however, carries along with it a quantity of acid, espe- 
cially if the acid be concentrated. But nitrous acid va- 
pour is not altered in the least by exposure to heat f . 


* Bergman, 


f Fourcroy,il 95 - 
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Nitrous acid vapour is absorbed by sulphuric acid]/ 
but seemingly without producing any change; for when 
water is poured into the mixture, the heat produced ex- 
pels it in the usual form of red fumes The only 
singular circumstance attending this hnpregnation is,'thafr 
it disposes the sulphuric acid to crystallize f.. This fact,’ 
first observed by Dr Priestley in 1117 J, was afterwards 
confirmed by Mr Cornette. 

It is absorbed also rapidly by nitric acid, which as- 
sumes the different colours which distinguish nitrous 
acid, according to the proportion which it imbibes. 

10. Nitric acid is one 6f the most important instru- 
ments of analysis which the chemist possesses ; nor is 
it of inferior consequence when considered in a political’ 
or commercial view, as it forms one of the most essen- 
tial ingredients of gunpowder. Its nature and composi- 
tion accordingly have long occupied the attention of 


* Priestley, iii. 144. f Ibid. p. 156. 

j Bernhardt, however, relates, in 1765, that once, when he was distil- 
ling a mixture of ten pounds of nitre with an equal quantity of calcined 
vitriol, which he had put into a retort, to which He fitted an adopter 
between the retort and the receiver, which contained a quantity of wa- 
ter — he observed a considerable quantity of a white crystalline salt form- 
ed in the adopter, while the liquid acid passed as usual into the receiver. 
This salt was very volatile, smoked strongly when it was exposed to the 
air, and exhaled a red vapour ; it burnt to a black coal wood, feathers, 
or linen, as sulphuric acid does ; and where a piece of it fell, it evapora- 
ted in form of a blood-red vapour, till the whole of it disappeared: Half 
an ounce of these crystals dissolved in water with spurting and hissing, 
like that of a red hot iron dipped in water, and formed a green nitrous’ 
aqid. Some of this salt being put into a bottle, which was not well stop- 
ped, entirely vanished. These crystals were evidently the same .with Dr 
Priestley's. See Keir’s Dictionary . 
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philosophers. Let us endeavour to trace the various t c?ia P- J:h _ 
steps by which its component parts were discovered. 

As nitre is often produced upon the surface of the 
earth, and never except in places which have a commu- 
nication with atmospheric air, it was natural to suppose 
that air, or some part of the air* entered into the com- 
position of nitric acid. Mayow having observed, that 
nitre and atmospherical air were both possessed of the 
property of giving a red colour to the blood, and that 
air was deprived of this property by combustion and 
respiration — concluded that nitre contained that part of 
the air which supported combustion , and was necessary 
for respiration . 

Dr Hales, by applying heat to nitric acid, and what 
he called Walton mineral , obtained a quantity of air 
possessed of singular properties. When atmospherical 
air was let into the jar which contained it, a reddish 
turbid fume appeared, a quantity of air was absorbed* 
and the remainder became transparent again *. Dr 
Priestley discovered, that this air could only be obtain- 
ed from nitric acid ; and therefore called it nitrous air « 

Pie found, that when this gas was mixed with oxygen 
gas, nitric acid was reproduced. Here, then, we find 
that oxygen is a part of the nitric acid, and consequent- 
ly that Mayow’s affirmation is verified* 

Dr Priestley, however, explained this fact in a diffe- 
rent manner. According to him, nitrous gas is compo- 
sed of nitric acid and phlogiston. When oxygen is add- 
ed, it separates this phlogiston, and the acid of course is 
precipitated. This hypothesis was adopted by Mac* 


VoL 1L 




# Vegeta Statics , ii. 384. 
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^BooklL quer and Fontana; and these three philosophers endear 

w— v * voured to support it with their usual ingenuity. But 

there w T as one difficulty which they were unable to sur- 
mount. When the two gases are mixed in proper pro- 
portions, almost the whole assumes the fofm of nitric 
acid ; and the small residuum (^th part),- in all proba- 
bility, or rather certainly,, depends on some accidental 
impurity in the two gases. What then becomes of the 
oxygen and phlogiston ? Dr Priestley supposed that they 
formed carbonic acid gas ; but Mr Cavendish proved,* 
that when proper precautions are taken,- no such acid 
appears K 

Dr Priestley had procured his nitrous gas by dissol- 
ving metals in nitric acid; during the solution of which 
a great deal of nitrous gas escapes. He supposed that 
nitrous gas- contained phlogiston, because the metal was 
oxidized (and consequently, according to the then re- 
ceived theory, must have lost phlogiston) duringits for- 
mation. Mr Lavoisier proved, that this supposition 
was ill founded, by the following celebrated expert 
znent-f*. To 94-5 grains of nitric acid (specific gravity 
X*316) he added 1104 grains of mercury. During the 
solution 273*234 cubic inches of nitrous gas were pro- 
duced. He then distilled the salt (oxide of mercury)' 
which had been formed to dryness. As soon as it be- 
came red hot it emitted oxygen gas, and continued to 
do so till almost the whole of the mercury was revived:’ 
The quantity of oxygen emitted was 287*742 cubic 
inches. All that had happened, therefore, during the 
solution of the mercury, was the separation of the acids 


# Phili * Trans. 1 7 . 84 ; 


f Mem. Par. 177 6 , p. 67 # 
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into two parts ; nitrous gas, which flew off, and oxygen*, t Cha| > 
which united with the metaL 

Mr Lavoisier concluded, therefore, that the whole of 
the nitrous gas was derived from the nitric acid ; that 
nitric acid is composed of oxygen and nitrous gas ; and 
that the proportions are nearly <54 parts by weight of 
nitrous gas, and 36 of oxygen gas. 

But there was one difficulty which Mr Lavoisier ac- 
knowledged he could not remove. The quantity of 
oxygen obtained by decomposing nitric acid was often 
much greater than what was necessary to saturate the 
nitrous gas. Mr X>e Morveau attempted to account for 
this ; but without success *. Nitrous gas itself was 
evidently a compound : but the difficulty was to disco- 
ver the ingredients. Mr Lavoisier concluded, from an 
experiment made by decomposing nitre by means of 
charcoal, that it contained azote ; and several of Dr 
Priestley’s experiments led to the same result. Burt 
^vhat was the other ingredient? 

Mr Cavendish had observed, while he was making 
experiments on the composition of water, that some ni- 
tric acid was formed daring the combustion of oxygen 
and hydrogen gas, and that its quantity was increased 
by adding a little azote to the two gases before, the ex- 
plosion. Hence he concluded, that the formation of 
the acid was owing to the accidental presence of azotic 
gas. To verify this conjecture, he passed electrical 
sparks through a quantity of common air inclosed in a 
glass tube : the air was diminished, and some nitric 
acid formed. He repeated the experiment, by mixing 
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Book IT. together oxygen and azotic gas; and found, that when 5 
j they bore a certain proportion to each other the}? were 
totally convertible into nitric acid. 

These experiments were immediately repeated by* 
Messrs Van Marum and Van Troostwyk, and with 
nearly the same results 

Dr Priestley had observed several years before these 
experiments were made,, that atmospherical air was di- 
minished by the electric spark, and that during the di- 
minution the infusion of turnsol became red ; but he 
concluded merely that he had precipitated the acid of 
the air. Landriani,. who thought, on the contrary, that 
carbonic acid gas was formed,- enounced the alteration 
of lime-water by it as a proof of his opinion* It was 
to refute this notion that Mr Cavendish undertook his 
experiments. 

It cannot he doubted,, then, that nitric acid is compo- 
sed of azote and oxygen ; consequently nitrous gas is 
also composed of the same ingredients. And as nitrous 
gas absorbs oxygen,* even from common air, and forms 
with it nitric acid,, it is evident that nitric acid contains 
more oxygen than nitrous gas. But it is exceedingly 
difficult to ascertain the exact proportions of the compo- 
nent parts of this acid. Lavoisier concluded, from his 
experiments* on the decomposition of nitre by charcoal, 
that nitric acid is composed of one part of azote and 
four parts of oxygen *. But Davy has shown that 
this decomposition is more complicated than had been 
supposed ; and that Lavoisier’s experiments by no 
means warrant the conclusion which he drew from 
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them*. Cavendish, on the other hand, concluded from Chap. If. 
his experiments, that the acid which he formed, by- 
combining together azote and oxygen by means of 
electrioity, is composed of one part of azote and 2*36 
of oxygen. With this result the late experiments of 
Mr Davy correspond very nearly- lie formed his 
standard acid by combining together known quantities 
of nitrous gas and oxj^gen. Upon the whole, we may 
consider the proportion ascertained by Mr Cavendish 
as approaching the truth as nearly as possible. .Nitric 
acid then is -composed of 29*77 azote 
70*23 oxygen 


100*0(3 

•or nearly 1 part of azote to 2 ‘- of oxygen. 


SECT. IL 

OF NITROUS ACID. 

"W hen nitre, which is a compound of nitric acid and 
.potash, is exposed to a red heat, it yields a considerable 
.quantity of oxygen gas almost in a state of purity. If 
the process be conducted with the proper precautions 
and stopped in time, the nitre still retains the properties 
of a neutral salt. Eut the acid which it contains is ob- 
viously in a different state, since it has lost a consider- 
able part of its oxygen. To this new state the term 
mtrouuacid is applied. 


# JDavy’s Research:* f j. □ 44. 
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The experiment just recited was first made by Scheeie* 
and mentioned in his dissertation on manganese, pub-* 
lished in 1714 *. He first pointed out the difference 
between nitric and nitrous acids, but confounded ni- 
trous acid with nitric acid impregnated with nitrous gas. 
His opinions were adopted by Bergman, and modified by 
Lavoisier to suit his own theory. Notwithstanding 
the experiments of Priestle}’, which explained the na- 
ture of fuming nitric acid in a satisfactory manner, the 
opinion o.f Lavoisier and Scheele prevailed, and the term 
nitrous was applied to nitric acid whenever it was co- 
loured with nitrous gas. Raymond drew the attention of 
chemists to the real constitution of fuming nitric acid in 
1796, and the same thing was done more lately by 
Messrs Davy and Thomson, It is now generally al- 
lowed, that it is merely a combination of nitric acid and 
nitrous gas 9 and as such, its properties have been detail* 
ed in the preceding Section. 

But the nitrous acid formed by exposing nitre to heat 
is undoubtedly a different substance, since nothing like- • 
the new salt can be formed by uniting potash to fuming 
nitric acid. But all the attempts to separate the nitrous 
acid from the potash have failed. When an acid, how- 
ever weak, is applied, fumes of nitrous vapour are im- 
mediately disengaged. For any thing we know to the 
contrary, nitrous acid can exist only combined with a 
base. The genus of salts which it forms are called nu 
irites . They are obtained by exposing the nitrates to a 
graduated heat for a certain time, and then stopping the. 
process. None of themfiave been hitherto examined 
with, attention except the nitmeof potash. 


Scheele’s, Opusc, i. 59. 
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SECT. III. 

OF OXYMURIATJC ACID. 

TfiE composition of muriatic acid being iai perfectly 
known, we may at present consider it as a simple sub- 
-■stance... As it differs from all other acids in having the 
property of uniting with oxygen and 'forming a new set 
of acids which support combustion, it was thought pre- 
ferable to separate it from the other acids, and to describe 
it along with axote, to which it bears a striking analo- 
gy. When united to oxygen, it forms the two acid sup- 
porters called ■oxymuriatic and hypercxy muriatic ; the 
properties of which we shall examine in this and the 
•succeeding Section. 

Oxymuriatic acid was discovered by Scheelein IT74, History* 
during his experiments on manganese. He gave it the 
name of dephlogisticated muriatic acid, from the suppo- 
sition that it is muriatic acid deprived of phlogiston. 

The French chemists, after its composition had been as- 
certained, called it oxygenated muriatic acid ; which un- 
wieldy appellation Kirwan has happily contracted into 
oxy muriatic. 

The properties of this acid pointed out by Scbeele 
were so peculiar^, that it immediately attracted attention, 
and the most distinguished chemists hastened with emu- 
lation to enter upon a field which promised so rich a 
harvest of discoveries. Bergman, Pelletier, Berthollet, 
Hermbstadt,Morveau,Fourcroy,Scopoli, Westrumb,&c 6 
successfully examined its properties, and ascertained it? 
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action on other bodies ; and more lately Mr Chenevix 
has published a most interesting dissertation on this 
acid and its combinations *. 

1. It may be procured by the following process: Put 
into a tubulated retort a mixture of three parts of com- 
mon salt, and one part of the black oxide of manganese 
in powder. Place the retort in the sand bath of a furnace, 
plunge its beak into a small water trough, and lute a bent 
funnel intp its mouth. When the mixture has acquired 
a moderate heat, pour into it at intervals through the 
bent funnel two parts of sulphuric acid, which ought to 
be somewhat diluted with water. An effervescence en- 
sues, a yellow coloured gas issues from the retort, which 
may be received in large phials fitted with ground 
stoppers. 

2. Oxymuriatic acid gas is of a yellowish green co- 
lour. Its odour is intolerably acrid and suffocating. It 
cannot be breathed without proving fatal. The death 
of the ingenious and industrious Pelletier, whose che- 
mical labours have been so useful to the world, was oc- 
casioned by his attempting to respire it. A consump- 
tion was the consequence of this attempt, which in a 
short time proved fatal. When atmospheric air con- 
taining a mixture of it is breathed, it occasions a violent 
and almost convulsive cough, attended with much pain 
in the chest. This cough usually continues to return 
at intervals for a day or two, and is accompanied with 
a copious expectoration. 

3. It is capable of supporting combustion ; in many 
pases even more capable than common air. When a 


> 


I 
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burning taper is plunged into it, the flame is diminish- 
ed, and acquires a very red colour ; a great quantity of 
smoke is emitted, and at the same time the taper con- 
sumes much more rapidly than in common air *. The 
facility with which bodies take fire in this gas seems to 
depend on the ease with which it parts with its oxy- 
gen. 

4. This gas is neither altered by exposure to light 
nor to caloric. It passes unaltered through red hot 
porcelain tubes f. 

5. It does not unite readily with water. Scheele 
found, that after standing 12 hours over water, ^ths of 
the gas were absorbed : the remainder was common air, 
which no doubt had been contained in the vessel before 
the operation. Berthollet surrounded several bottles 
containing it with ice : as soon as the water in these 
bottles was saturated, the gas became concrete, and 
sunk to the bottom of the vessels ; but the smallest heat 
made it rise in bubbles, and endeavour to escape in the 
form of gas J. Westrumb observed that it became solid 
when exposed in large vessels to the temperature of 
40° ; and that then it exhibited a kind of crystalliza- 
tion $. The specific gravity of water saturated with 
this gas, at the temperature of 43°, is 1’003 |f. From 
Berthollet’s experiments, it appears that a cubic inch of 
water is'capable of absorbing about 1*6 grains (French) 
of this acid gas. Water impregnated wdth this gas is 
usually distinguished by the name of oxymuriatic acid. 
It has a pale greenish yellow colour, and a suffocating 


* Fourcroy, Ann. de Cbim. iv. 25 1. f Fourcroy, ii. IIO. 

| Jour’, da PLys. 1785. • § Ibid, xxxvii. 382. 

|| Bertholler, Ibid. 1785. 
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odour like the gas ; its taste is not acid, but astringent. 
It is usually prepared by causing the gas to pass thro’ 
a succession of Wolfe’s bottles nearly filled with pure 
water. Light decomposes this acid, as Berth ollet dis-® 
covered, though it has no action on the gas. 

6. It renders vegetable colours white, and not red, as 
other acids do ; and the colour thus destroyed can nei- 
ther be restored by acids nor alkalies. It has the same 
-effects on yellow wax. If the quantity of vegetable co- 
lours to which it is applied be sufficiently great, it is 
found reduced to the state of common muriatic acid. 
Hence it is evident, that it destroys these colours by 
communicating oxygen. This properly has rendered 
oxymuriatic acid a very important article in bleaching. 

7. Oxymuriatic acid is not altered by oxygen gas ; 
but all the simple combustibles are capable of decom- 
posing it. 

When one measure of hydrogen gas is mixed with 
two measures of oxymuriatic acid*, and kept for 24 
hours in a phial closed with a ground stopper, and the 
phial is then opened under water., the whole of the ga- 
seous contents disappear. Hence it is obvious that they 
$ct upon each other: the hydrogen absorbs the oxygen, 
of the acid, and is converted into water, while muriatic 
acid is evolved f . When a mixture of oxymuriatic 
acid gas and hydrogen gas is made to pass through a 
red hot porcelain tube, a violent detonation takes place f. 
J3y electricity a feeble explosion is produced. 


• This gas was obtained by a method to he described in the nex$ 
Section, and obviously contained a portion of hype rosy muriatic acid* 

+ Cruikshank’s, Nicholson’s Journal, iSox, v. 202. 
t Fourcroy, ii. no. 
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When melted sulphur is plunged into it, inflamma- 4 Chap JR 
tion also takes place, and the sulphur is converted into 
sulphuric acid * ; but cold sulphur, fhough it is oxi- 
dized by this gas, does not take fire in itf. 

When phosphorus is plunged into this gas, it imme- 
diately takes fire, burns with considerable splendour, 
and is converted into phosphoric acid. This was first 
described by an anonymous German writer X, and af- 
terwards by Westrumb, Schmeisser, Fourcroy,and Vau-« 
quelin 

When charcoal in fine powder is thrown into this gas, 
heated to about 90°, it also takes fire, according ta 
Westrumb ; but this experiment has not succeeded in 
the hands of other chemists. If we believe Professor 
Lampadius, the diamond also, when heated to redness, 
and plunged into oxymuriatic acid gas, burns in it with 
great splendour ; but this experiment has also failed in 
the hands of other chemists. 

Sulphureted, phosphureted, and carbureted hydrogen 
gas likewise decompose this acid ; but none of them, 
except phosphureted hydrogen, produce spontaneous 
inflammation with it. 

When one measure of carbureted hydrogen, from 
ether or camphor, is mixed with two measures of oxy^. 
muriatic gas, and allowed to remain for 24 hours in a 
phial closed with a ground stopper, the gases mutually 
decompose each other : w r ater, muriatic acid, carbonic 
acid, and carbonic oxide, are formed. Accordingly, 


* Fourcroy, ii. no. 

+ Westrumb, Crell’s Annals, i. 150. Eng. Transl. See also VoL L 
p. 125, of this Work. 

| Crell’s Beit rage, vol. i, part 3, § Ann, de Cbim, iv. 253. 
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when water is admitted, the whole is absorbed except 
about 0*43 of a measure: 0*09 of this residue is ab- 
sorbed by lime-water ; the rest is carbonic oxide. When 
there is an excess of oxy muriatic acid, the resulting 
substances are water, muriatic acid, and carbonic ox- 
ide *. When a mixture of two parts oxymuriatic acid 
gas, and one part carbureted hydrogen, is tired by elec- 
tricity, charcoal is deposited, and the gas diminished to 
G'6 of a measure; G*5 of which are absorbed by water, 
the rest is combustible f. 

8. Oxymuriatic acid is not acted upon by either of 
the simple incombustibles. 

9. Oxymuriatic acid oxidizes all the metals without 
the assistance of heat. Several of them even take fire 
as soon as they come into contact with the gas, as Wes- 
trumb first discovered. All that is necessary is to throw 
a quantity of the metal, reduced to a fine powder, into a 
vessel filled with the gas. The inflammation takes 
place immediately ; the metal is oxidized, while the 
acid, decomposed and reduced to common muriatic acid, 
combines with the oxide, and forms a muriate. Arse- 
nic burns in oxymuriatic acid gas with a blue and green 
flame ; bismuth with a lively bluish flame ; nickel, 
with a white flame, bordering on yellow ; cobalt, with 
a white flame, approaching to blue ; zinc, with a lively 
white flame ; tin, with a feeble bluish flame ; lead, with 
a sparkling white flame ; copper and iron, with a red 
flame J. Several of the metallic suiphurets, as cinna- 
bar, realgar, sulphuret of antimony, take fire when 
thrown in powder into this gas. 


# Oruikshanks, Nicholson’s Journal, r Soz, v. 204. 

* Jour, de PZys. xxxvii. 385. 
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10. When oxymuriatic acid gas, and ammoniacal gas 
are mixed together, a rapid combustion, attended with 
a white flame, instantly takes place ; both the gases are 
decomposed, water is formed, while azotic gas and mu- 
riatic acid are evolved *. The same phenomena are ap- 
parent, though in a smaller degree, when liquid ammo- 
nia is poured into the acid gas +. The same decompo- 
sition takes place though both the acid and alkali be in 
a liquid state. If four-fifths of a glass tube be filled with 
oxymuriatic acid, and the remaining fifth with ammo- 
nia, and the tube be then inverted over water, an effer- 
vescence ensues, and azotic gas is extricated J. It was 
by a similar experiment that Berthollet demonstrated 
the composition of ammonia. 

21. This acid has not hitherto been combined with 
the alkalies, earths, or metallic oxides ; nor have suf- 
ficient proofs been adduced that it is capable of com- 
bining with these bodies. 

12. Oxymuriatic acid gas reddens nitrous gas, and 
converts it into nitrous acid. It produces no effect upon 
any of the acids hitherto described, except the sulphu- 
rous and phosphorous, which it converts into sulphuric 
and phosphoric. 

13. When muriatic acid is mixed with nitric acid, 
the compound has precisely the smell and the qualities 
of oxymuriatic. This mixture of the two acids was 
formerly called aqua regia ; but at present it is usually- 
denominated nitro muriatic acid . It is first mentioned 
by Isaac Holiandus, and seems to have been known be- 
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* Fourcroy, Ann. de Chim. iv, 355. 
i Westrumb, Crel'Ps Annala, i. 161. English Tran si. 
| Jour. de PE cole PolyUchn , 
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fore the muriatic acid itself. It was prepared by pour- 
ing nitric acid on common salt. The nitric acid de- 
composes the salt, and part of it unites with the muria- 
tic acid thus set at liberty. As soon as these two acids 
are mixed they begin to act upon each other. The 
muriatic acid decomposes part of the nitric, combines 
with its oxygen, and is thus partly converted into oxy- 
muriatic acid* Hence the suffocating odour of that 
acid which the mixture exhales. The nitrous gas, thus 
set at liberty, is absorbed by the undecomposed nitric 
acid, and converts it into nitrous acid. When these 
mutual combinations are completed, the action of the 
two acids on each other ceases; Thus nitro-murlatic 
acid is a mixture or combination of nitrous acid, muri- 
atic acid, and oxymuriatic acid ** 

Mr Lambe some time ago f announced, that when 
iron is acted upon by sulphureted hydrogen gas, a sub- 
stance is produced which possesses all the properties of 
oxymuriate of iron (oxymuriatic acid combined with 
iron). In a solution of this gas in distilled water, h 6 
digested iron filings, previously purified by repeated 
washings with distilled water. The bottle was filled 
with the solution, and corked. The iron was presently 
acted upon ; numerous bubbles arose, which drove the 
cork out of the bottle 5 they were strongly inflammable* 
and probably therefore pure hydrogen gas; The liquor 
gradually lost its odour of sulphureted hydrogen gas* 
and after some days smelled very much like stagnant 
rain-water. As the bubbles ceased to be produced, it 
recovered its transparency. On evaporating a small 


♦ #ourcroy, il; 107, 
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quantity of this solution in a watch-glass to dryness, a Chap. II. 
bitter deliquescent salt was left behind. On this salt a 
* little sulphuric acid was dropped, and paper moistened 
with ammonia was held over the glass 5 white vapours 
were immediately formed over the glass ; and conse- 
quently some volatile acid was separated by the sulphu- 
ric acid. Mr Lambe evaporated about eight ounce- 
measures- of the same liquor, and* as before, dropped a 
w little sulphuric acid on the residuum ; a strong effer- 

vescence was excited, very pungent acid fumes arose* 
which, from their smell, were' readily known to be mu- 
riatic. The same truth was established beyond a doubt* 
by holding a bit of paper, moistened with water, which 
made the vapours visible in the form of a grey smoke ; 
a distinguishing characteristic, as Bergman has obser- 
ved, of the muriatic acid. When manganese and mer- 
cury were dissolved in sulphureted hydrogen gas, the 
3 salts formed gave the same unequivocal marks of the 

presence of muriatic acid* 

This experiment of Mr Lambe has been lately re- 
peated with every possible precaution by Vauquelin* 
and also by Guyton Morveau and Bouillon Lagrange ; 
but these chemists did not succeed in obtaining a par- 
ticle of oxymuriate of iron We must conclude, then* 
that in the experiment of Mr Lambe, muriatic acid 
b must have insinuated itself into his solution by some 

unknown channel'. A fact mentioned by Berthollet 
may perhaps contribute something to explain this insi- 
nuation, and may also suggest a valuable hint towards 
the investigation of the real component parts of this ob- 


* Ann* dc Chhn* xxxvii. 1 9 IT- 
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stinate acid. He converted a quantity of iron into filings 
with all possible care. The filings, when washed with 
water, gave no marks of containing muriatic acid ; but 
after being exposed for some days to the air, they fur- 
nished, when again washed, evident traces of the pre- 
sence of muriatic acid *, 

14. From the action of oxymuriatic acid on combus- 
tibles, above described, and the compounds produced by 
it, no doubt can be entertained that it is a compound of 
muriatic acid and oxygen. This was first demonstrated 
by Berthollet, by a great number of ingenious and deci- 
sive experiments. 

He attempted also to ascertain the proportion of its 
constituent parts. For this purpose he saturated 50 cu- 
bic inches (French) of water with oxymuriatic acid, 
and exposed the liquid for some days to the light of the 
sun. The oxygen gas disengaged amounted to 15 
cubic inches (French) or 8 grains. The muriatic acid 
which remained in the liquid amounted to 65 grains. 
Hence it follows, that oxymuriatic acid is composed of 
65 parts muriatic acid and 8 parts oxygen, or of about 
89 muriatic acid 
11 oxygen 


100 

But this method, though exceedingly simple and inge-* 
nious, was scarcely susceptible of precision. The ana- 
lysis of Chenevix, made in a different way, deserves 
more confidence. This celebrated chemist caused a 


* Ann. de CUm. xxxvi l. 194.— Similar facts had been pointed out lc*7g 
before by MargrafF. 
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current of oxy muriatic acid gas to pass through a dilu- Chap. IT. 
ted solution of potash in water, till it contained an ex- 
cess of acid. He then evaporated to dryness, and pro- 
cured a .-aline mass containing all the potash, and the 
'oxymuriatic acid. But when oxy muriatic acid is made 
to act upon potash in this manner, it divides itself into 
two portions ; one portion consists of common muriatic 
acid, the other contains all the oxygen, and is therefore 
in the state oi hyperoxy muriatic acid. The potash in 
the dry salt was therefore partly combined with muria- 
tic acid, and partly with hyperoxy muriatic acid. Ni- 
trate of silver precipitates the first of these acids front 
all solutions, but not the second. Hence an easy me- 
thod of ascertaining the relative proportion of these two 
acids in a given quantity of salt presented itself. Ac- 
cordingly Mr Chenevix ascertained, that in 100 parts 
of the dry salt, 84 consisted of 56’ 12 parts of potash 
combined with 27*88 of muriatic acid, and 16 of 8*8 
of potash combined with 3 2*2 of hyperox} muriatic acid* 

But he had ascertained, by a method to be described in 
the next section, that 12*2 parts of hyperoxy muriatic 
acid contained 9 parts of oxygen and 3*2 of muriatic 
acid. Therefore 27*88 + 3*2 == 31*08 muriatic acid ; 
and 9 parts of oxygen form 40*08 of oxymtiriatic acid* 

Hence it follows, that oxymuriatic acid is composed of 
7 Vo muriatic acid 
22' 5 oxygen 


100 

15. Though oxymuriatic acid has hitherto been pi a- NoC 
ced among acids by ehemist.s, it does not possess a single aCl ^ 
property which characterises that class of bodies. Its 
taste is not acid but astringent ; it does not convert ve- 
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Book" Ik getable blues to red, but destroys them ; it combines 
■> very sparingly with water, and is not capable of neu- 
tralizing alkalies, earths, or metallic oxides. It ought 
therefore to be placed among the oxides rather than the 
acids. But Scheele, the original discoverer of it, was 
induced, 1 from the theory which then prevailed, to con- 
sider it as merely muriatic acid deprived of phlogiston ; 
and after, the mistake was discovered, the theory of La- 
voisier respecting the acid principle, which then became 
fashionable, was considered as a. sufficient reason for 
continuing it in its place among acids in spite of its 
properties. It must be confessed, however, that such 
arbitrary arrangements are no small impediments to the 
progress of the science. 
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OFHYPEROXYMURIATIC ACID. 

The existence of this acid was first suspected by Mr 
Berthollet, though he satisfied himself with little more 
than strong analogy. It has been lately put out of 
doubt by the experiments of Mr Chenevix. 

1. If a solution of potash in six times its weight of 
water be put into a Wolfe’s bottle, and a stream ofoxy- 
muriatic acid gas be made to pass through it in the 
usual way till the potash is saturated, crystals in the 
form of fine white scales are deposited in considerable 
quantity. These crystals have received the name of 
'Byperoxygenized muriate of potash , They possess very 
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curious and important properties. If the liquid from 
which this salt is deposited be evaporated to dryness, 
another salt will be obtained, composed of muriatic acid 
and potash. These facts were all discovered by Ber» 
thollet. He concluded from them, that the oxymuriatic 
acid had been decomposed during the process ; that one 
portion of it lost the whole of its oxygen, and was re- 
duced to the state of muriatic acid, ivhile another portion 
combined with an additional dose of oxygen, and was 
converted into hyperoxymuriatic acid. Hence the appel- 
lation of the salt which contained this last acid. 

2 . This theory of Berthollet was very plausible 5 and 
it induced the greater number of chemists to believe 
that the substance to which hyperoxymuriate of potash 
owes its peculiar properties, differs from oxymuriatic a- 
acid by containing an additional dose of oxygen. But 
the opinion remained destitute of sufficient proof, till 
Mr Chenevix published his important dissertation on 
the subject in 1802- Mr Chenevix exposed 100 grains 
of hyperoxymuriate of potash to the heat of a lamp ; it 
lost 2*5 parts of its weight, which he ascertained to be 
water. When heated to redness, a violent efferves- 
cence took place, and 112*5 cubic inches of oxygen 
gas, or 38*3 grains, were extricated. The salt which 
remained in the retort amounted to 53*5 grains, and 
five grains had been volatilized during the process *. 
Hence it follows, that hyperoxymuriate of potash is 
composed of 
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* It had been long known that this saline residue is a compound of 
potash and muriatic acid. 
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2*5 water 
38 * 3 - oxygen 
58*5 muriate of potash' 

99*3 

But Mr Chenevix ascertained, that the muriatic acid re- 
maining in, this saline residue amounted to 20 grains,. 
Therefore 3S*3 parts of oxygen, and 20 parts of muria- 
tic acid* constitute 53*3 parts of the acid which exists in- 
hyperoxymuriateof potash. That acid of course is com- 
posed of about ♦ . . 0.66 oxygen 

34 muriatic acid 

100 

The acid which constitutes a part of hyperoxymuriate: 
of potash contains, we see, nearly nine times as much 
oxygen as exists in oxymuriatic acid. Thus the theory 
of Berthollet is confirmed in the fullest manner. We 
see that muriatic acid combines with tw 7 o doses of oxy- 
gen ; with the first- dose it constitutes oxymuriatic acid* 
with the second the acid that exists in hyperoxymuriate 
of potash, which has been called hyper oxymuriatic acid. 


Oxymuriatic acid contains 0*22 oxygen 

Hyperoxy muriatic acid 0*66 

Hence it follows, that 

Muriatic Oxymur. 

acid. Oxygen. arid. - 


1*00 -f- 0‘29 — ^ 1*29 Oxygen. Hyperoxymuriatic acid. 

1*29 -f 1*62 = 2*91 

Cannot Be 3. But though the peculiar nature of hyperoXymn- 
oUamed s.- riatic acid has Been thus demonstrated, all attempts tof 

par ate. ' . 

procure it in a separate state have hitherto failed. Its 
properties therefore are but imperfectly known. From 
the amazing energy with which hyperoxymuriate ©•£ 




HYPEHOXYMURIATIC. 

potash acts upon combustible bodies, it is obvious that 
it possesses in perfection the property of supporting 
combustion. It combines also with alkalies, earths, and 
metallic oxides, and forms salts of «a very peculiar na- 
ture, which we shall .afterwards examine. Mr Chene- 
vix has rendered it probable, that it converts vegetable 
blues into red. It cannot be doubted that it combines 
with water. Several phenomena indicate, that when 
pure it assumes the gaseous state. 

4. When sulphuric acid is poured upon hyperoxy- 
geniaed muriate of potash, a violent decrepitation takes 
place, and sometimes a flash of light is visible. The 
sulphuric acid in this case combines with the potash, 
and disengages the hyperoxymuriatic acid. This last 
acid rises in the state of a heavy vapour of a greenish 
yellow colour; its smell has some resemblance to that 
of nitrous gas, but peculiarly fetid it is compared by 
Mr Chenevix to the -odour emitted by brick kilns, mixed 
with that of nitrous gas. At the bottom of this vapour 
is a bright orange- coloured liquid, consisting of the 
sulphuric acid, the potash, and £ portion of the hyper- 
oxymuriatic acid. But the acid thus separated is not 
pure, being partly decomposed by the process, and be- 
ing mixed with a portion of sulphuric acid. If we at- 
tempt to separate the hyperoxymuriatic acid by distilla- 
tion, the moment the mixture is heated to about 120°, 
a violent explosion takes place, which breaks the vessels 
in pieces. This seems to be owning to the rapidity with 
which the acid is decomposed by a moderate heat 
Nitric acid produces nearly the same effects as the§sul- 
phuric. 


£52. 
Chap. If. 


Action of 
sulphuric 
acid, 


♦ Hoyle, Manchester Memoirs 3 v. 230. — Chenevix. Phil. Trans. I ZoS. 
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5. When muriatic acid is poured upon the salt, a 
violent effervescence takes place, and gas is emitted a- 
bundantly, which has the smell and colour of oxymu- 
riatic acid, but is much more rapidly absorbed by wa- 
ter. This process was first pointed out by Mr Cruik- 
shanks. He obtained in this manner the gas which he 
employed in his experiments on carbonic oxide. When 
two ^measures of hydrogen gas are mixed with 2*3 
measures of gas procured in this manner, Mr Cruik- 
shanks found that the mixture explodes feebly with the 
electric spark, and is totally converted into water and 
muriatic acid. But two measures of hydrogen gas re- 
quire one measure of oxygen gas to convert them into 
water. Hence Mr Cruikshanks infers, that 2*3 parts 
of the gas procured according to his process, contain one 
part of oxygen and 1*3 of muriatic acid ; which gives 

as its component parts* 56*5 muriatic acid 

43*5 oxygen 


100 * 0 * 

This shows us that the gas extricated from the salt by 
muriatic acid is not pure hyperoxy muriatic acid. Mr 
Chenevix supposes that it is a mixture of that acid and 
oxymuriatic acid gas : a portion of the first acid being 
decomposed by the muriatic acid, with which it 
comes in contact at the moment of its disengagement* 
But there are some reasons to question this opinion. 
When water, impregnated with oxymuriatic acid gas, 
obtained by Cruikshank’s method, is mixed with li- 
quid ammonia, scarcely any gas is extricated. The two 
bodies combine and form a salt. 


* Nicholson’s Journal , i 8 oa, v. 206 . 
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Much still remains to be done before the properties 
of this interesting acid be fully developed. Mr Che- 
nevix has ascertained, that it is always formed when ni- 
tro-muriatic acid is boiled upon platinum, and likewse 
when oxide of titanium is precipitated by potash from 
muriatic acid. 


Chap. II. 



SECT. V. 


OF ARSENIC ACID. 


Arsenic, as we have seen formerly, is capable of 
combining with two doses of oxygen ; and both the 
compounds which it forms with that body possess acid 
properties. The first, distinguished by Fourcroy by the 
name of arsenious <acid y but more usually denominated 
white oxide of arsenic , has been already described *. The 
second, called arsenic acid , was discovered by Scheele 
in 1775 f, and its most remarkable properties investi- 
gated. Pelletier afterwards published a valuable dis- 
sertation on it. And more lately its properties and 
constituent parts have been more completely investiga- 
ted by Proust and Bucholz 

1.. Arsenic acid is usually prepared by the proqess 
pointed out by Scheele. Three parts of white oxide of 
arsenic are dissolved in seven parts of muriatic acid, and 
the solution is mixed with five parts of nitric acid, and 
distilled to dryness. What remains is arsenic acid. But 
this method has been considerably improved by Bu- 
cholz. His method is as follows. Mix in a retort one 


Prepara® 

tion. 


* See Vol. I. p. 327. 
| Jour, de Chim . iv. 5. 


| Scheele, i, 129. 
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O.f simple 
bodies., 


part of muriatic acid of the specific gravity 1*2, four 
parts of the white oxide of arsenic, and 12 parts of ni~ 

i 

trie acid of the specific gravity 1*25. Boil the mixture 
till the oxide disappear and nitrous gas ceases to be dis- 
engaged. Then evaporate to dryness, and expose the; 
mass for a few minutes to a low red heat. What re- 
mains after this is solid arsenic acid. 

2. Arsenic acid, thus prepared, is a white solid mass, 
nearly tasteless. Its specific gravity is 3*391. It is 
very fixed. When heated strongly, it melts and re- 
mains transparent, and is converted into a glass, which 
acts powerfully on the vessel in which the experiment 
is performed. This glass attracts moisture from the 
air. When the heat is very strong, the acid gives out 
a little oxygen gas, and is at the same time partly con- 
verted into white oxide. 

3. It dissolves very slowly in six parts of cold wa- 
ter ; but two parts of boiling water dissolve it almost 
instantly, and it remains in a state of solution even tho* 
a considerable portion of that water be evaporated. 
With half its weight of water it has a syrupy consist- 
ency ; and by farther evaporation it deposites crystals 
in grains *. Its taste, when liquid, is acid, caustic, and 
metallic. 

4. Oxygen has no action whatever on this acid;', nei- 
ther is it affected by exposure to the open air. 

5. The simple combustibles decompose it by the as- 
sistance of heat : And in these cases, as we learn from 
the experiments of Scheele and of the Dijon Academi- 
cians, combustion sometimes takes place ; a proof that 
arsenic acid is a supporter of combustion. 


# Bucholz, Jour . d.’ Cbim. iv 
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6. The simple Incombustibles do not appear to pro- , Cha P* ir - 
duce an}' alteration on it. 

7. Several of the metals decompose It when assisted 
by heat. It does not act upon gold, platinum, silver, 
mercury. It oxidizes copper, iron, lead, tin, zinc, bis- 
muth, antimony, cobalt, nickel, manganese, and arsenic, 
and in a strong heat mercury and silver. 

8. It combines with alkalies, earths, and several of 
the metallic oxides, and forms compounds which have 
been called arseniates. 

9. From the wav in which this acid is formed, it Compos!-. 

. . . turn, 

cannot be doubted that it is composed of the white ox- 
ide of arsenic and oxygen. Nor is it very difficult to 
ascertain the proportion of these constituent parts ; for 
the oxygen must be equivalent to the increase of weight 
which the oxide experiences during its acidification. 

From the experiments of Proust we learn, that this 
augmentation of weight amounts to 0*15 parts: Bucholz 
found it 0*16 ; a degree of coincidence as great as can 
be expected in experiments of that delicate nature. 

Hence it follows that arsenic acid is composed of about 
86*5 white oxide of arsenic 
13*5 oxygen 

100*0 

But the oxide of arsenic contains nearly 0*25 of oxygen. 

This gives us arsenic acid composed of about 
65 arsenic 
35 oxygen 

100 

It is only the second dose of oxygen, amounting to 
1.3*5 parts, which gives this acid the property of sup- 
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porting combustion, and of emitting oxygen gas when 
strongly heated* 


SECT. VI. 

OF TUNGSTIC ACID. 


EkV.i>r y. T-he substance called tungstic acid by Scheele and 

Bergman was discovered by Scheele in 1781. This 
philosopher obtained it from tungstate of lime by treat- 
ing it with nitric acid and ammonia alternately. The 
acid dissolves the lime, and the ammonia combines 
with the tungstic acid. The ammoniacal solution, 
when saturated with nitric or muriatic acid, deposites 
a white powder, which is the tungstic acid of Scheele. 

This powder has an acid taste, it reddens vegetable 
blues, and is soluble in 20 -parts of boiling water. The 
De Luyarts have demonstrated, that this pretended acid 
is a compound of yellow oxide of tungsten, the alkali 
employed to dissolve it, and the acid used to precipi- 
tate it. Thus, when prepared according to the above 
described process, it is a compound of yellow oxide, 
ammonia, and nitric acid. Their conclusions have been 
more lately confirmed by the experiments of Vauquelin 
. and Hechr. This substance must therefore be erased 
from the class of acids, and placed among the salts. 

The real acid of tungsten is a yellow powder ; the 
method of procuring which, and its properties, have 
been already described under the denomination of yeh 
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low oxide of tungsten *. It ought rather, as Vaucpie- Chap. It. 
lin and Hecht have properly remarked, to be classed* 
among the oxides than the acids ; for it is insoluble in 
water, tasteless, and has no effect on vegetable blues. 

It agrees with the acids indeed in the property of com- 
bining with alkalies and earths, and perhaps also with 
some metallic oxides, and forming with them salts, 
which have been denominated tungstates ; but several . 
other metallic oxides, those of lead, silver, and gold, 
for instance, possess the same property. These oxides 
therefore may be called acids with as much propriety as 
the yellow oxid£ of tungsten. 


SECT. VII. 

OF MOLYBDIC ACID. 

IVIolybdjc acid was discovered by Scheele in 1778, History 
during his experiments on the sulphuret of molybde- 
num, and its most remarkable properties ascertained. 
Scarcely any farther addition was made to our know- 
ledge of it, till Mr Hatchett published his dissertation 
on the molybdate of lead, in the Philosophical Tran- 
sactions for 11^6. That ingenious chemist examined, 
with his usual precision, such of its properties as were 
connected with this subject. In the summer of 1805, 
an elaborate dissertation on molybdenum was publish- 
ed, in the 4th volume of Gehlen’s Journal, by Bucholz, 


* Vcfc I. p. 373. 



ACID SUPPORTERS. 


26 S 


Book XL 

Division II. 


Prepara- 

tion* 


who did not neglect to ascertain the constituents and 
the mode of procuring this acid. To Scheele, Hatchett, 
and Bucholz, we owe most of the facts respecting mo- 
lybdic acid at present known. 

From the experiments of Bucholz it appears, that 
two of the combinations of molybdenum and oxygen 
are soluble in water ; namely, the blue oxide and the 
•peroxide* If the first be capable of neutralizing alka- 
lies, it will belong to the class of acids, and may be 
distinguished by the name of molybdous acid ; but its 
acid properties have not been ascertained. The per- 
oxide, however, neutralizes alkalies, It has been al- 
ways distinguished by the name of molybdic acid. 

It is usually prepared from molybdena, or native 
sulphuret of molybdenum, by the process pointed out 
by Scheele. Reduce the mineral to powder, and distil 
off it nitric acid, or rather a mixture of nitric and muri- 
atic acids, till the whole is converted into a white mass. 
Edulcorate this mass with water to carry off the sul- 
phuric acid formed, and the remains of the other acids. 
It is now molydic acid tolerably pure. 

Another method has been lately^ pointed out by Bu- 
cholz. Reduce the mineral to a fine powder, and ex- 
pose it to heat in an open crucible, stirring it with an 
iron rod till the whole assumes an ash-grey colour. 
The heat is to be at first a strong red, but gradually 
lowered as the roasting advances, to prevent the pow- 
der from cohering, which would render the completion 
of the process very difficult. By this roasting the sulphur 
is dissipated, and a considerable portion of the metal 
acidified. Reduce the mass to powder, and digest it a 
sufficient time in water holding soda or ammonia in 
solution 5 the molybdic acid is taken up, and combines 
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•with the alkali, while the impurities remain behind. Chap. It, ^ 
Let, the solution remain corked up till it has become 
clear, decant it off from the sediment if any thing has 
subsided, and pour into it some muriatic acid. The 
molybdic acid precipitates in the state of a fine white 
powder, and may be easily separated and edulcorated 

Molybdic acid, thus prepared, is a white powder, the Properties 
specific gravity of which is 3*460. Whem heated in a 
close vessel it melts and crystallizes ; but in an open 
vessel it sublimes in a white smoke, which attaches it~ 
self to cold bodies, and assumes the form of brilliant 
yellow scales. 

It is soluble in 960 parts of boiling water. The so- 
lution is pale yellow ; it has no taste, but reddens lit- 
mus paper. The molybdic acid is precipitated from 
this solution by sulphuric, nitric, and muriatic acids f. 

Molybdic acid is not affected by oxygen gas ; but it 
Is decomposed by sulphur and charcoal, and several of 
the metals. When heated with the protoxide of molyb- 
denum, the mixture is converted into blue oxide J. 

It combines with alkalies, earths, and several metal- 
lic oxides, and forms salts known by the name of mo- ' 
lyhdates . 

Sulphuric acid dissolves molybdic acid when assisted 
by heat. The solution is colourless while hot ; but 
when cold it assumes a deep blue colour, which is 
heightened by saturating the solution with soda. When • 
this sulphuric acid solution is heated strongly, the sul- 
phuric acid is evaporated, and molybdic acid remains. 

Muriatic acid also dissolves it. The solution is of a 


* Gehlen’s Jour . iv. 604. . 
f Hatchett, Phil. Trans. Jxxxvi. 323. 
| JBucholz, Gehlsn, iv, 626, 
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v- — ' saturated with potash. Nitric acid does not dissolve 
this acid *. 

This acid, when combined with potash, forms a co- 
lourless salt. 

* Mixed with filings of tin and muriatic acid, it imme. 
; diately becomes blue, and precipitates flakes of the 
same colour, which disappear after some time, if an ex* 
cess of muriatic acid has been added, and the liquor 
assumes a brownish colour, 

With the solution of nitrate of lead it forms a white 
precipitate, soluble in nitric acid. 

When mixed with a little alcohol and nitric acid, it 
does not change its colour. 

With a solution of nitrate of mercury, ot of nitrate 
of silver, it gives a white flaky precipitate. 

With the nitrate of copper it forms a greenish preci- 
pitate. 

With solutions of sulphate of iinc, muriate of bis- 
muth, muriate of antimony, nitrate of nickel, muriates 
of gold and platinum, it produces white precipitates 
when these solutions do not contain an excess of acid. 

When melted with borax, it gives it a bluish colour* 

Paper dipt in this acid becomes in the sun of a beau* 
tiful blue colour f. 

From the experiments of Bucholz we learn, that 
when iOO grains of molybdenum are digested with ni- 
tric acid till they are converted into molybdic acid, and 
then dried, they now weigh about 149 grains. Hence it 
follows, that iholybdic acid is composed of about 100 


* Hatchett, Phil. Trans . Ixxxvi. 333. f Vauquclin, Phil. Mag. u 
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parts metal and 49 oxygen ; Dr very nearly two- parts t Chay.Il. ^ 
metal to one oxygen ; or per cent . of about 
67 molybdenum 
33 oxygen 

100 * 


SECT. VIII. 

OF CHROMIC ACID. 

Chromic acid, discovered lately by Vauquelin, has Prepara- 
only been found, in any quantity, in the red lead ore tl ° n ’ 
of Siberia, and in chromate of iron. Its properties 
have been investigated by Vauquelin and Mussin 
Puschkin. 

It may be obtained by boiling the red lead ore with 
carbonate of soda, decanting off the fluid solution, and 
saturating it with one of the mineral acids ; a red pow- 
der precipitates, which is chromic acid. 

Chromic acid, thus obtained, is a red or orange-yel- Pro P crtlC1 * 
low powder, of an acrid and strongly metallic taste. It 
is soluble in water, and crystallizes in the form of elon- 
gated prisms of a ruby colour. 

When heated it gives out oxygen gas, and is convert- 
ed into green oxide of chromium. 

When mixed with filings of tin and the muriatic acid,, 
it becomes at first yellowish brown, and afterwards as- 
sumes a beautiful green colour. 


* Gchlen's JW- iv. 618. 
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immediately assumes a bluish green colour* which pre- 
serves the same shade even after desiccation. Ether 
alone gives it the same colour. 

With a solution of nitrate of mercury, it gives a pre- 
cipitate of a dark cinnabar colour. 

With a solution of nitrate of silver, it gives a preci- 
pitate which, the moment it is formed, appears of a 
beautiful carmine colour, but becomes purple by expo- 
sure to the light. This combination, exposed to the 
heat of the blowpipe, melts before the charcoal is in- 
flamed. It assumes a blackish and metallic appearance. 
If it be then pulverised, the powder is still purple ; but 
after the blue flame o||the lamp is brought in contact 
■with this matter, it assumes a green colour, and the sil- 
ver appears in globules disseminated throughout its 
substance. 

■ With nitrate of copper, it gives a chesnut red preci- 
pitate. 

With the solutions of sulphate of zinc, muriate of 
bismuth, muriate of antimony, nitrate of ‘nickel, and 
muriate of platinum, it produces yellowish precipitates 
when these solutions do not contain excess of acid. 
With muriate of gold it produces a greenish precipitate. 

When melted with borax or glass, it communicates 
to them a beautiful emerald green colour. 

Paper impregnated with chromic acid assumes in the 
light a greenish colour. 

When mixed with muriatic acid, the mixture is ca- 
pable of dissolving gold like aqua regia : when this 
mixture of the two acids is distilled, oxy muriatic acid 
is disengaged, and the liquor assumes a very beautiful 
green colour. 
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Sulphuric acid, while cold, produces no effect upon 
it; hut when warmed, it makes it assume a bluish 
green colour, probably by favouring the disengagement 
of oxygen. 

When this acid is heated along with charcoal, it is 
reduced to the metal called chromium . 


SECT. IX. 

OF COLUMBXC ACIU. 

This metallic acid has hitherto been detected in one 
specimen only, in which it is combined with the oxide 
of iron. Mr Hatchett, to whom we owe the discovery 
of its peculiar properties, separated it from the iron by 
fusing it with potash. The alkali combined with a 
portion of the acid which was separated by water. Mu- 
riatic acid dissolved the oxide of iron thus deprived of 
its acid ; and the ore, after this treatment, yielded an 
additional dose of acid when fused with potash. By re- 
peating this process, the whole of the acid was com- 
bined with potash : the solution was limpid. Nitric 
acid precipitated the columbic acid from the potash in 
the state of white flakes. 

1. The acid thus obtained is of a pure white colour, 
and not remarkably heavy. It has scarcely any taste. 
It is insoluble in water, but gives a red colour to paper 
stained with litmus. When exposed to a strong heat, 
it does not melt, but loses its lustre. 

2. Sulphuric acid dissolves it, and forms a transpa- 
rent colourless solution : But when the liquid is diluted 

VoL IL S 
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with water, it becomes milky; a white precipitate falls* 
which becomes lavender blue ; and when dry, brown- 
ish grey. It is semitransparent, and breaks with a vi- 
treous fracture. This substance is a compound of sul- 
phuric and columbic acids. 

3. Nitric acid does not dissolve this acid; nor does it 
produce any change on its properties. 

4. Muriatic acid dissolves it when assisted by heat. 
The solution does not become muddy when diluted with 
water. When evaporated ,to dryness, it leaves a pale 
yellow substance difficultly soluble in muriatic acid. 

5. Potash and soda combine readily with columbic 
acid. With potash this acid forms a glittering scaly 
salt like boracic acid. It contains a slight excess of al- 
kali ; has an acrid disagreeable flavour ; does not dis- 
solve readily in cold water; but when dissolved, the 
solution is perfect and permanent. Nitric acid precipi- 
tates the columbic acid. But columbic acid is capable 
of expelling carbonic acid from potash 

The other properties of this acid remain to be inves- 
tigated. 


* Hatchett, Pkit. Trans . iS02» 
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CLASS III. 


COMBUSTIBLE ACIDS. 


The acids belonging to this class were formerly distin«* 
guished by the appellation of vegetable and animal acids 0 
because almost the whole of them are procured from the 
animal and vegetable kingdom. They differ essentially 
from the other two classes of acids in several particulars. 

1. If they be combined with potash and distilled, p ro p a ti<t 5 * 
they are completely decomposed, charcoal is usually e- 
volved, and a considerable quantity of heavy inflam-* 

mable air extricated ; whereas no combustible substance 
can be procured by exposing the other acids .to heat 

2. All of them contain at least two simple combus* 
tible substances as a base ; whereas the others never con- 
tain more than one. These two substances are always 
carbon and hydrogen . Some of these acids contain like- 
wise a%ote> over and above the two simple combus- 
tibles. Oxygen also usually enters into their composi- 
tion in considerable quantity, but not perhaps always. 

To them, therefore, the theory of Lavoisier, respecting 


* Sulphurous and phosphorous acids excepted, which emit sulphur 
and phosphureted hydrogen when exposed to heat- 
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the necessity of oxygen as the acidifying principle, does 
not strictly apply* 

3 . They do not seem capable of combining with dif- 
ferent proportions of oxygen* Whenever the quantity 
‘©f oxygen is changed, the proportion of the other con- 
stituents changes also* Of course the termination of 
their names ought not to indicate the proportion of oxy- 
gen which they contain 5 but should, if possible, be in- 
dependent of that proportion altogether *. 

4 . They are decomposed by the action of the more 
powerful acid supporters, and converted either into 
other combustible acids ; or each of their constituents 
is saturated with oxygen, and converted into oxide and 
acid products* 

5. The combustible acids may be very conveniently 
subdivided into four orders ; which are distinguished 
from each other by the following properties : 

The acids belonging to the first order are crystalli- 
zable, and they may be volatilized by heat without un- 
dergoing decomposition. 

Those belonging to the second order are likewise 
crystallizable, but they cannot be volatilized without de- 
composition* 


* The French chemists who formed the new nomenclature were mis- 
led here. They made some of the names of the combustible acids cud 
ink, as if they were saturated with oxygen ; and others in ous, as if 
they were capable of combining with an additional dose. The fact is, 
that none of them are, strictly speaking, saturated with oxygen ; for all 
of them are capable of combining with more. But then they cannot com- 
bine with more without being totally decomposed, and converted into 
water, carbonic acid, See. I have adopted the rule proposed by Mr Che- 
nevix, which is calculated to avoid all ambiguity ; the names of all the 
combustible acids are made to end in tc f and this without reference 


COMBUSTIBLE ACIDS, 


277 


Those belonging to the third order are not crystallizable • 
Under the fourth order are placed three acids, which, 
from the singularity of their properties ought to be se- 
parated from the rest* For want of a better name we 
shall distinguish them by the term colorific . 

The following Table contains the names and com- 
ponent parts of all the acids belonging to each of these 
orders, as far as they have been ascertained* 


Order I. Crystallizable. Volatilizable. 


Names. 

Constituents. 

1. Acetic 

2 . Benzoic 

3. Sebacic 

4. Succinic 

5. Moroxylic 

6. Camphoric 

7. Oxalic ? 

Carbon, hydrogen, oxygen® 


Order II- Crystallizable. Not volatilizable* 


1. Mellitic 

2. Tartaric 

3. Citric 

4. Kinic 

5. Saclactic 

Carbon, hydrogen, oxygen. 

4 

6. Uric 

Carbon, hydrogen, azote, oxygen. 

7. Laccic 



Order III. Not crystallizable- 


1. Malic 

2. $uberic 

3. Formic 


Carbon, hydrogen, oxygen. 


Chap. II. 



Table of 
the consti- 
tuent parts. 
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the necessity of oxygen as the acidifying principle, does 
not strictly apply. 

3 . They do not seem capable of combining with dif- 
ferent proportions of oxygen. Whenever the quantity 
of oxygen is changed, the proportion of the other con- 
stituents changes also. Of course the termination of 
their names ought not to indicate the proportion of oxy- 
gen which they contain ; but should, if possible, be in- 
dependent of that proportion altogether *. 

4. They are decomposed by the action of the more 
powerful acid supporters, and converted either into 
other combustible acids ; or each of their constituents 
is saturated with oxygen, and converted into oxide and 
acid products. 

5. The combustible acids may be very conveniently 
subdivided into four orders ; which are distinguished 
from each other by the following properties : 

The acids belonging to the first order are crystalli- 
zable, and they may be volatilized by heat without un- 
dergoing decomposition. 

Those belonging to the second order are likewise 
crystallizable, but they cannot be volatilized without de- 
composition. 


* The French chemists who formed the new nomenclature were mis- 
led here. They made some of the names of the combustible acids end 
in ic, as if they were saturated with oxygen ; and others in ous, as if 
they were capable of combining with an additional dose. The fact is, 
that none of them are, strictly speaking, saturated with oxygen ; for all 
of them are capable of combining with more . But then they cannot com- 
bine with more without being totally decomposed, and converted into 
water, carbonic acid, &c. I have adopted the rule proposed by Mr Che- 
nevix, which is calculated to avoid all ambiguity ; the names of all the 
combustible acids are made to end in iV, and this without reference fc® 
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Those belonging to the third order are not crystallizable. t cha P- lr °„ 

Under the fourth order are placed three acids, which, 
from the singularity of their properties ought to be se- 
parated from the rest. For want of a better name we 
shall distinguish them by the term colorific . 

The following Table contains the names and com- 
ponent parts of all the acids belonging to each of these 
orders, as far as they have been ascertained* 


Order I. Crystallizable. Volatilizable. 


Names. 

Constituents. 

1. Acetic 

2. Benzoic 

3. Sebacic 

4. Succinic 

5. Moroxylic 

6. Camphoric 

7* Oxalic ? 

Carbon, hydrogen, oxygen® 


Table of ^ 
the consti- 
tuent parts. 


Order II. Crystallizable. Not volatilizable. 


1. Mellitic 

2. Tartaric 

3. Citric 

4. Kinic 

5. Saclactic 

Carbon, hydrogen, oxygen. 

4 

6. Uric 

i Carbon, hydrogen, azote, oxygen* 

7. Laccic 

i 

i 


Order III. Not crystallizable. 


1. Malic 

2. JSuberic 

3. Formic 


Carbon, hydrogen, oxygen. 
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KvWonii. Order IV. Colorific. 


Names. 

Constituent*. 

Gallic 

Carbon, hydrogen, oxygen. 

Prussic 

Carbon, hydrogen, azote. 

3 . Sulphureted 
hydrogen 

Sulphur, hydrogen. 


We shall consider .the properties of the acids belonging 
to the three first orders in the following Sections. The 
fourth order, for reasons to be assigned hereafter, will 
occupy a separate Chapter. 


SECT. I. 

OF ACETIC ACID* 

1 His acid is employed in three different states, which 
have been distinguished from each other by peculiar 
names. When first prepared, it is called vinegar ; 
xvhen purified by distillation, it assumes the name of 
distilled vinegar, usually called acetous acid by chemists ; 
when concentrated as much as possible by peculiar pro- 
cesses, it is called radical vinegar , and by chemists acc~ 
tic acid . It will be necessary to describe each of these 
states separately. 

Tinman I* Vinegar was known many ages before the dis- 
covery of any other acid, those only excepted which 
exist ready formed in vegetables. It is mentioned by 
Moses, and indeed seems to have been in common use 
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among the Israelites and other eastern nations at a very 
early period. It is prepared from wine, from beer, ale, 
and other similar liquids. These are apt, as every one 
knows, to turn sour, unless they be kept very well cork- 
ed. Now sour wine or beer is precisely the same with 
vinegar. 

Boerhaave describes the following method of making 
vinegar, which is said to be still practised in different 
places. 

Take two large oaken vats or hogsheads, and in each 
of these place a wooden grate or hurdle at the distance 
of a foot from the bottom. Set the vessel upright, and 
on the grate place a moderately close layer of green 
twigs of fresh cuttings of the vine. Then full up the 
vessel with the footstalks of grapes, commonly called 
the rape , to the top of the vessel, which must be left 
quite open. 

Having thus prepared the two vessels, pour into them 
the wine to be converted into vinegar, so as to fill one 
of them quite, up, and the other but half full. Leave 
them thus for twenty-four hours, and then fill up the 
half-filled vessel with liquor from that which is quite 
full. Four-and-t wen ty hours afterwards repeat the 
same operation ; and thus go on, keeping the vessels al- 
ternately full and half full during every twenty-four 
hours till the vinegar be made. On the second or third 
day there will arise, in the half-filled vessel, a fermen- 
tative motion, accompanied with a sensible heat, which 
will gradually increase from day to day. On the con- 
trary, the fermenting motion is almost imperceptible in 
the full vessel; and as the two vessels are alternately 
full and half full, the fermentation is by that means, in 
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DWision^n some measure > interrupted, and is only renewed every 
other day in each vessel. 

When this motion appears to have entirely ceased, 
even in the half-filled vessel, it is a sign that the fermen- 
tation is finished ; and therefore the vinegar is then to 
"be put into casks close stopped, and kept in a cool 
place. The process in summer usually lasts fifteen days ; 
in winter it lasts longer 

All that is necessary to convert wine or beer into 
vinegar is the contact of the external air, a te'mperature 
of 80 °, and the presence of some substance to act as a 
ferment. But the theory of this operation belongs to 
the Second Part of this Work 9 our business at present 
is, not to investigate the method o^making vinegar, but 
Properties* to examine the properties of acetic acid. 

Vinegar is a liquid of a reddish or yellowish colour, 
a pleasant sour taste, and an agreeable odour. Its spe« 
cific gravity varies from 1-0135 to 1 - 0251 , and it dif- 
fers also in its other properties according to the liquid 
from which it has been procured. It is very subject to 
decomposition 9 but Scheele discovered, that if it be made 
to boil for a few moments, it may be kept afterwards 
for along time without alteration. Besides acetic acid 
and water, vinegar contains several other ingredients, 
such as mucilage, tartar, a colouring matter, and often 
also two or more vegetable acids. When distilled at a 

* An account of the mode of making vinegar in France, almost pre- 
cisely the same with that given in the text, was published in the Philo- 
sophical Transactions for 167c, vol. v. p. acoz. The methods at present 
practised in France are described in the 3d Volume of the Elemcns de Chy 

mie, published by the Dijon Academy, p. 6. Many still follow the pro** 
cess described in the text ; others a different one, 
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temperature not exceeding that of boiling water, till a- I1[ ** 

bout two-thirds, or five-sixths at most, of it have pass- 
ed over, all these impurities are left behind, and the pro- 
duct is pure acid, diluted with water. The residuum 
is still an acid liquid, and often lets fall crystals of 
tartar. 

2. The acid thus obtained is a liquid as transparent Acetous 

* # A acid. 

and colourless as water, of a strong acid taste and an 
agreeable odour, somewhat different from that of vine- 
gar. In this state it is usually called acetous ‘acid or 
distilled vinegar* 

It may be preserved without alteration in close ves- 
sels. When exposed to a moderate heat, it evaporates 
completely and without undergoing any change in its 
properties. When exposed to the action of cold, part of 
it congeals. The frozen portion, which consists almost 
entirely of water, may be easily separated ; and by this 
method the acid may be obtained in a high degree of 
concentration. The more concentrated the acid is, the 
greater is the cold necessary to produce congelation. 

Mr Lowitz has* ascertained that the acid itself, how 
much soever it be concentrated, crystallizes or congeals 
at the temperature of — 22°. 

3. When acetate of copper, reduced to powder, is put ^onofa- 
into a retort and distilled, there comes over a liquid at cetic acid- 
first nearly colourless and almost insipid, "and afterwards 

a highly concentrated acid. The distillation is to be 
continued till the bottom of the retort is red hot. What 
remains in it then is only a powder of the colour of 
copper. The acid product, which should be received 
in a vessel by itself, is tinged green by a little copper 
which passes along with it ; but when distilled over 
again in a gentle heat, it is obtained perfectly colourless 
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Book U. anc [ transparent. The acid thus obtained is exceeding- 
Division II. x _ b 

3y pungent and concentrated. It was formerly distin- 
guished by the names of radical vinegar and vinegar of 
Venus • 

This process was known to the alchymists, and had 
often been repeated by chemical philosophers ; but the 
product was considered as merely highly concentrated 
acetous acid, till Berthollet published his experiments 
on it in 1785 That skilful philosopher affirmed, that 
it differs from acetous acid in taste and smell, in its affini- 
ties for other bodies, and in the compounds which it 
Supposed forms with them. When it is obtained from acetate of 
diflerent^ copper by distillation, the powder which remains in the 
tons. - retort consists chiefly of copper in the metallic state. 

Hence he supposed, that the acetic acid gave out phlo- 
giston to the copper, and received from it oxygen. 
When the existence of phlogiston was disproved, this 
theory was a little altered. It was concluded, that du- 
ring the distillation, the acetic acid deprived the oxide 
of copper of its oxygen, and combined with it ; and that 
radical vinegar therefore is acetous acid combined with 
a new dose of oxygen. For this reason it received the 
name of acetic acid . 

This theory was generally admitted by chemists, till 
Mr Adet published his experiments on acetic acid in 
1797 f. He observed, that when acetate of copper is 
distilled, the products are not only acetic acid and wa- 
ter, but likewise carbonic acid and carbureted hydro- 
gen gas ; and that the residuum consists of copper and 
charcoal. He found that acetous acid did net absorb 


* Mw. pan 1783 .* 
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oxygen when distilled off black oxide of manganese, 
and that acetic and acetous acids have exactly the same 
effect upon metals. From these and some other similar 
experiments, he concluded that acetic and acetous acids 
do not differ from each other except in concentration. 

This conclusion was considered as hasty, as he did 
not attempt to account for the very striking difference 
in the taste and smell of these acids, as he had nei- 
ther repeated nor refuted the experiments of Eerrho'let, 
on which the opinion of the difference between these 
two acids was founded. The conclusion of Adet was 
opposed in 1798 by Chaptal, who published a set of ex- 
periments on the same subject*. This philosopher 
endeavoured to demonstrate, as Berthollet had done be- 

* 

fore him, that acetic and acetous acids, even when of 
the same strength, possess different properties, and have 
different effects on other bodies. From the effect of 
sulphuric acid upon each, and from the quantity of char- 
coal which remains in the retort when equal quantities 
of each saturated with potash are distilled, he concluded 
that acetous acid contains a smaller proportion of car- 
bon than acetic acid. And this he considered as the 
cause of the difference in their properties. 

In 1800 a new set of experiments on the same sub- 
ject was published by Mr Dabit of Nantes f . This 
chemist endeavoured to prove that acetic acid contains 
a greater proportion of oxygen than acetous. When he 
distilled a mixture of acetate of potash an*i sulphuric 
acid, the product was acetic acid ; but when he substi- 
tuted muriatic acid for sulphuric, he obtained acetous 


Chap. If. 
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f Ibid, xxxvi:^ 66 . 
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Proved to 
be the same. 


acid ; but when to this last mixture a little black oxides 
of manganese was added, he assures us that he obtained 
acetic acid. And in none of these cases was there any 
carbonic acid emitted till towards the end of' the distil- 
lation. 

The experiments of Darracq have at last finally set- 
tled this dispute, by demonstrating that acetous and a~ 
cetic acids differ merely in concentration. This able 
chemist repeated the experiments of Adet, which he 
found perfectly accurate, and performed several new 
ones ; all of which left no doubt that acetous and acetic 
acids contain precisely the same proportion of oxygen. 
He next tried the opinion of Chaptal respecting the pro- 
portion of carbon in each. When equal quantities of 
acetic and acetous acids are combined with potash or 
soda, the dry salts distilled leave the same quantity of 
charcoal, and yield the same quantity of other products. 
When reduced to the same specific gravity, the two 
acids form precisely the same salts with all alkaline 
and earthy bases. Finally, acetous acid gradually be- 
comes acetic acid when distilled repeatedly off dry mu- 
riate of lime; and in this case no gaseous body what- 
ever is evolved. From these facts, it is impossible to 
entertain a doubt that the two substances are essentially 
the same, and that these apparent differences are owing 
to the great quantity of water with which acetous acid 
is diluted, and the mucilaginous matter which it still 


retains 

The same results w T ere obtained also by Proust, who 
had drawn the same conclusions before he came ac- 


m 


* Darracq, Atm, deChim. xli, iCfa 
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quainted with Darracq’s paper *. Henceforth the term , Ciiia P- u \ 
acetous acid, must either be wholly dropt by chemists, 
or employed, in a sense different from what was former- 
ly affixed to it. 

4. This acid is transparent and colourless like water. Properties. 
It has a peculiar aromatic smell when in the state of 
acetous acid j but concentrated acetic acid, when procu- 
red in the usual way, has an empyreumatic odour mix- 
ed with the natural smell of vinegar, owing to a small 
portion of oil formed during the process f. 

Another method of procuring this acid in a concen- 
trated state, has been proposed by different chemists, 
and brought to a state of perfection by Lowitz of Pe~ 
tersburgh. Distil a mixture of three parts of acetate 
of potash and four parts of sulphuric acid, till the ace- 
tic acid has come over intoifche receiver. To separate 
the sulphuric acid with which it is in some measure 
contaminated, rectify the liquid by distilling it off a 
portion of acetate of barytes. The acid that comes 
over crystallizes in the receiver. 

The specific gravity of distilled vinegar varies from 
1*007 to 1*0095 j but radical vinegar is much more 
concentrated, its specific gravity being as high as 
1*080 In that state it is extremely pungent and 
acrid ; and when it is applied to the skin, it reddens and 
corrodes it in a very short time. It is exceedingly vo- 
latile ; and when heated in the open air, takes fire so 
readily, that one would be tempted to suspect the pre- 
sence of ether in it. It unites with water in any pro- 


* Jour.de Phys. Ivi. 210. f Ann.de CHm. XXXYu. III. 

t Richter. Gehlen’s Jour. iv. ii. 
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Action of 
simple bo- 
dies. 


portion; and when concentrated, the mixture evolves a 
good deal of heat. 

5. Courtenvaux had long ago observed, that the last 
portions of acetic acid, which come over during the dis- 
tillation, were susceptible of crystallizing in a mode- 
rate cold. . Lowitz proposed a very ingenious method 
to obtain this acid in the state of crystals. He makes 
distilled vinegar into a paste with well burnt charcoal, 
and exposes the mixture to a heat not above 212°. 
The watery part is driven off, and the acid remains. A 
stronger heat drives off the acid itself in a very con- 
centrated state. By repeating this process it may be 
obtained in crystals. The process of that chemist, de- 
tailed above, is more recent, and in every respect pre- 
ferable. 

6. Neither oxygen gas &or air have any very mark- 
ed action on this acid : nor do the simple combustibles 
or incombustibles alter it at the common temperature 
of the atmosphere. 

7. It is capable of oxidizing iron, zinc, copper, nick- 
el, tin. It does not act upon gold, silver, platinum, 
mercury, bismuth, cobalt, antimony, arsenic. Its action 
on tellurium, tungsten, molybdenum, uranium, titani- 
um, and chromium, has not been tried. 

8. It combines with alkalies, earths, and metallic 
oxides, and forms compounds known by the name of 
acetates . 

9. It is decomposed by sulphuric and nitric acids. 
The action of the other acids on it has scarcely been 
examined. It dissolves boracic acid, and absorbs car- 
bonic acid. 

1 0« It has the property of combining with a great 
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number of vegetable bodies* such as oils* mucilage, and 
aromatics. 

11. When nitric acid is made to act on this acid, it 
converts it into water and carbonic acid. When acetic 
acid, combined with a fixed alkali or earth, is exposed 
to a strong heat, it is almost completely decomposed ; 
water, carbonic acid, and carbureted hydrogen gas, are 
emitted, and the base remains mixed with a quantity of 
charcoal. From these facts it follows, that it is compo- 
sed of carbon, hydrogen, and oxygen, into which all 
these products may be ultimately resolved. But the 
proportion of these ingredients has not been ascertained 
with precision. 

By distilling 76 SO grains of acetate of potash. Dr Hig- 
gens obtained the following products * : 


Potash 3862-994 grains 

Carbonic acid gas ••••••. *. 1473*564 

Carbureted hydrogen gas •••.••••• 1047*6018 
Residuum, consisting of charcoal 78*0000 

Oil 180*0000 

Water 340*0000 

Deficiency f 726*9402 


This deficiency Dr Higgins found to be owing to a 
quantity of water and oil which is carried off by the 
elastic fluids, and afterwards deposited by them. He 
calculated it, in the present case, at 700 grains of water 


2S7 
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* Higgins OH Acetous Acid, p. 26. 

f For 29-1 grains of oxygen gas had also disappeared from the air of 
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and 26 * 94:02 grains of oil. Now, since acetate of potash 
is composed of acetic acid and potash, and since the 
whole of the potash remained unaltered, it follows, 
that the acid was converted into carbonic acid gas, car- 
bureted hydrogen gas, carbon, oil, and water ; all of 
which are composed of oxygen, hydrogen, and carbon. 

Now 1473*564 grains of carbonic acid gas are com- 
posed of 1060*966 grains of oxygen and 415*598 grains 
of carbon. 


1047*6018 grains of carbureted hydrogen gas, from 
a comparison of the experiments of Dr Higgins and La- 
voisier, may be supposed to consist of about 714*6008 
grains of carbon and 333*0010 of hydrogen. 

j 200*9402 grains of oil contain 163*4828 grains of 
carbon and 43*4574 grains of hydrogen. 

1040 grains of wat^ contain 884 grains of oxygen 
and 156 grains of hydrogen. 

Therefore 3817*006 grains of acetic acid are com- 
posed of 1944*966 — 29*1= 1915*866 grains of oxy- 
gen, 532*4584 grains of hydrogen, and 1368*6816 
grains of carbon. Consequently 100 parts of acetic 
acid are composed of 

50*19 oxygen 
13*94 hydrogen 
35*87 carbon 


100*00 

These numbers can only be considered as very im- 
perfect approximations to the truth ; for the object of 
Dr Higgius was not to ascertain the proportions of the 
ingredients which compose acetic acid; and therefore 
bis experiments were not conducted with that rigid ac- 
curacy which would have been necessary for 'that pur- 
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pose. Mr Proust endeavoured to prove that azote like- 
wise is a component part of acetic acid ; an opinion 
which had been entertained by Lavoisier. But when- 
Trommsdorf repeated the experiments of Proust, which 
consisted in distilling different acetates, he obtained 
no traces either of ammonia or of prussic acid, as had 
been announced by the chemist of Madrid. Hence he 
concludes that acetic acid contains no azote, and that 
Proust’s experiments must have been made upon im- 
pure acid *. 


SECT. IL 

OF BENZOIC ACID. 

Benzoin, or Benjamin as it is sometimes called, is a 
kind of resin brought from the East Indies ; obtained, 
according to Dr Dryander, from the styrax benzoe, a 
tree which grows in the island of Sumatra. This sub- 
stance consists partly of a peculiar acid, described as 
long ago as 1608 by Blaise de Vigenere, in his Trea- 
tise on fire and salt, under the name of flowers of ben - 
%oin, because it was obtained by sublimation 5 but it is 
now denominated benzoic acid . 

1 . The usual method of obtaining this acid is to put 
a quantity of benzoin, coarsely powdered, into an earth- 
en pot, to cover the mouth of the pot with a cone of 
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thick paper, and then to apply a very moderate sand 
heat. The benzoic acid is sublimed, and attaches itself 
to the paper. This method was tedious and difficult j 
it being hardly possible to prevent the heat from scorch- 
ing the benzoin, and volatilizing some empyreumatic 
oil, which soils and injures the acid sublimed- Neu- 
man proposed moistening the benzoin with alcohol, and 
distilling it in a retort with a low heat. The acid 
comes over immediately after the alcohol, partly in cry- 
stals and partly of the consistence of butter^. Geof- 
froy ascertained, in i 738 , that this acid may be obtain- 
ed by digesting benzoin in hot water. A portion is 
taken up, which is deposited in crystals as the water 
cools. Seheele published a different method in 1775 ; 
which being easier and more productive than any of the 
preceding, is usually preferred. This process is as fol- 
lows *f* : Upon four parts of nn slacked lime pour twelve 
parts of water, and after the ebullition is over add 96 
parts more of water ; then put 12 parts of finely pound- 
ed benzoin into a tinned pan ; pour upon it first about 
six parts of the above milk of lime, mix them well to- 
gether, and thus successively add the rest of the mixture 
of lime and water. If it be poured in all at once, the 
benzoin, instead of mixing with it, will coagulate, and 
run together into a mass. This mixture ought to be 
boiled over a gentle fire for half an hour with constant 
agitation ; then take it from the fire, let it stand quiet 
for an hour, in order that it may settle ; pour off the 
supernatant limpid liquor into a glass vessel. Upon the 
remainder in the pan pour 96 parts of pure water ^ 


3 * Neiiman’s Chemistry, p. 294. 


f Seheele, i. ate 4* 
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feoil them together for half &n hour, then take It from 
the fire, and let it settle ; add the supeirnatent liquor to 
the former; pour upon the residuum some more Water, 
Boil it as aforesaid, and repeat the satnis process once 
more. At last put all the reskluUms upon i filter, and 
pour hot water several times Upon it. During this 
jprocess, the calcareous earth combines with the acid of 
benzoin, and separates it from the resinotis particles of 
this substance. A small quantity of the resin is dis- 
solved by the lime-water, whence it acquires a yellow 
colour. All these clear yellow leys and decoctions are 
to be mixed together, and boiled down to 24 parts, which 
are then to be strained into another glass vessel. 

After they are grown cold* muriatic acid is to be add- 
ed, with constant stirring, till there be no farther pre- 
cipitation, or till the mass taste a little sourish. The 
benioic acid, which was before held in solution by the 
lime, precipitates in the form of a fine powder. 

Mr Hatchett has observed, that when benzoin is di- 
gested in sulphuric acid, a great quantity of beautifully 
crystallized benzoic acid is sublimed; This process is 
the simplest of all, and yields the acid in a state of pu- 
rity ; it claims therefore the attention of manufactu- 
rers *. 


Chap. IT. 


2. Benzoic acid, thus obtained, is a fine light whitish Propertied 
powder, which is not brittle, but has rather a kind of 
ductility. Its taste is acrid, hot, and somewhat bitter* 

Its odour is slight, but peculiar and aromatic f . Its 


* Hatchett’s Additional Experiments on Tannin. Phil. Trans. 1805. 
f This odour is owing to a small portion of aromatic oil which ad- 
heres to the acid. It has been obtained without any smell by Giese; 
See Phil. Mag . . xiv. 331. 
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xiv^onll S ^ ec ^ c g rav ^J * s 0*667 1* It hardly affects the infill 

- > si on of violets, but it reddens that of turnsol, especially 

when hot j| . 

Heat volatilizes this acid, and makes it give out a 
strong odour, which excites coughing* When exposed 
to the heat of the blowpipe in a silver spoon, it melts, 
becomes as fluid as water, and evaporates without ta- 
king fire. It only burns when in contact with flame, 
and then it leaves no residuum behind. When thrown 
upon burning coals, it rises in a white smoke. When 
allowed to cool after being melted, it hardens, and a ra- 
diated crust forms on its surface ^[. When distilled in 
close vessels, the greater part of it sublimes unaltered, 
but some of it is decomposed. This portion is con- 
verted almost entirely into oil and carbureted hydrogen 
gas. 

3. This acid is not altered by exposure to the air. 
Cold water dissolves no sensible quantity of it ; but it 
is soluble enough in hot water : 480 grains of boiling 
water dissolves 20 grains of it ; 19 of these are depo- 
sited, when the water cools in long, slender, flat, fea- 
ther-like crystals *. 

Action of 4* It is not affepted by oxygen gas, nor by any of the 
sample bo- s j m pi e combustibles or incombustibles. It does not 
seem capable of oxidizing any of the metals f. 

5. It combines with alkalies, earths, and metallic ox- 
ides, and forms salts known by the name of benzoates . 

6. Concentrated sulphuric acid dissolves it without 


t Hassenfratz, Ann. de Chim . xxviii. n. 
fl Morveau, Encyc. Method. Cbm . i. 44. 

* Ibid, f Trommsdorf. 
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heat, or any other change, except becoming somewhat t Chap. 
brown : when water is poured into the solution, the 
benzoic acid separates, and coagulates on the surface 
xvithout any alteration *. Nitric acid presents precisely 
the same phenomena, as does also the sulphurous a- 
•cid. Neither the muriatic, the oxymuriatic, nor the 
phosphoric acids dissolve it. Acetic acid, when hot, 
dissolves it precisely as water does $ but it crystallizes 
again when the acid cools f. 

7 . Alcohol dissolves it copiously, and lets it fall on 
the addition of water Boiling alcohol takes up its 
own weight §. 

This acid is sometimes used as a medicine, hut much 
less frequently than formerly. 


SECT. III. 

OF SEBACIC ACID. 

C^hemists had long suspected that an acid could be History, 
obtained from tallow, on account of the acrid nature of 
the fumes which it emits at a high temperature ; but it 
was M. Grutzmacher who first treated of it particular- 
ly, in a dissertation Be Ossium Medulla , published in 
1748 || . Mr Rhades mentioned it in 1753 ; Segner 
published a dissertation on it in 1754 ; and Crellexami- 


i Id* 


* Lichtenstein. 
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Book H. ned its properties y$ry fully in two dissertations pub* 
Division It . i n the Philosphical Transactions for 1780 and 

1782. Ir was called at first acid of fat , and afterwards 
sebacic acid . • 

But at the period when these chemists m?de their 
experiments, the characteristic properties of the different 
acids were not sufficiently known to enable them to diSr 
tinguish acids from each other with precision. Thenard 
examined the subject in 1801, tried all the processes of 
(Irell 'and Guyton Jdoryeau, and found that the a'cids 
procured by them were either acetic or the acid employ- 
ed in the process. Real sebacic acid had hitherto e- 
scaped. the examination of chemists. Thenard found, 
however, that a peculiar acid was formed during tire dis- 
tillation of tallow. To it. he consigned the appellation 
of sebacic acid , The experiments of this chemist were 
repeated in 1804 by Mr Rose, who obtained similar re- 
sults, and confirmed all the observations of the French 
philosopher*. The subject has lately been resumed 
by Mr Berzelius, who in an elaborate dissertation, pubr 
( lished in 1806, has shown that the sebacic acid of 
Thenard bears a. close resemblance to benzoic acidf. 
Indeed he considers it as nothing else than benzoic acid, 
contaminated with some unknown substance derived 
from the fat, which alters some of its properties, but 
from which it pnay be nearly freed by proper pre- 
* cautions. 

Brepara- 1. The method of procuring sebacic acid pointed out 
’ by Thenard is as follow’s : Distil hog’s lard, wash the 
’ product with hot water, separate this water, and drop into 


f Ibid. 2.d Series, ii. 275. 


f GeUen’s Jour . ill. 17a. 
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‘it acetate of lead. A flaky precipitate appears, which is Chap. II. 
to be washed and dried, mixed with sulphuric acid, and 
heated. A melted substance, analogous to fat, swims 
on the surface, which is to be carefully separated. This 
substance is sebacic acid . It may be dissolved in hot 

water, and on cooling crystalline needles are deposited. 

This acid may be obtained also by evaporating the wa- 
ter employed in washing the product of distilled hog’s 
lard. Or this water may be saturated with potash, and 
afterwards precipitated with acetate of lead as above 

During the distillation there comes over abundance 
of gas, which appears to be a mixture of carbonic acid 
and carbureted hydrogen* Into the receiver there drops J 
•a yellow-coloured water, impregnated with acetic acid, 
but containing no sebacic acid. It may, therefore, be 
put aside. But a much greater portion of oily matter 
passes over of the consistence of butter. The whole 
sebacic acid is contained in this matter, and may be se- 
parated by boiling it in water and evaporating the wa* 

* fcery solution. The sebacic acid falls down in the state 
•of small crystals. From the experiments of Mr Rose, 
we learn that the quantity of sebacic acid formed by this 
process is extremely small ; a pound of hog’s lard 
yielding little more than 40 grains, and tallow or suet 
still lessf. 

2. Sebacic acid is white ; it has no smell ; its taste Properties, 
is a pleasant sour, leaving in the mouth a very slight 
impression of bitterness. It reddens the infusion of 
turnsol. When heated it melts like tallow : on cooling 
it concretes into a crystalline mass. By a sudden and 


* Ann . <£ e Cl'tn. xxxix. 194, 


f Gehlen, Hi. 171, 
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Boot II- violent heat it is decomposed. Berzelius has shown 

Division II. . 

w-v— that it may be volatilized without decomposition, but 
that it requires a higher temperature for this purpose 
than benzoic acid. 

Cold water dissolves but little sebacic acid, but boil- 
ing water takes up one-fourth of its weight. It sepa- 
rates as the water cools in small crystals. The crystals 
are needles; but by proper precautions it may be pro- 
cured in long, large, and very brilliant plates. Alco- 
hol dissolves it copiously, and so do the fixed and vola- 
tile oils In all these respects, as Berzelius has shown, 
it agrees with benzoic acid. 

It occasions a precipitate in the acetate and nitrate of 
lead, the nitrate of silver, the acetate and nitrate of mer- 
cury. It forms peculiar salts with the alkalies and 
earths. It does not render lime-water, barytes, or 
strontian water, turbid. Sebateof potash has little taste, 
does not attract moisture from the air ; and when sul- 
phuric, nitric, or muriatic acid is poured upon it, seba- 
cic acid is deposited : when its solution is concentrated 
and mixed with any one of these acids it becomes so- 
lid. Berzelius has shown, that in these properties also 
sebacic and benzoic acid agree with each other. He 
has compared the different salts which each of these 
acids forms wittfi the respective bases, and shown that 
they also nearly agree in their properties. Benzoic acid 
is usually combined with some extractive matter, .from 
>vhich it is nearly as difficult to free it as it is to free 
sebacic acid from the substances with which it is united. 
In short, from the experiments of Berzelius, there can 


* Thenard and Rose, Ibid- 
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be no doubt that the two acids, if not absolutely the 
same, at least approach very nearly to each other. 


SECT. IV. 

OF SUCCINIC ACID. 

4 

Amber is a well-known brown, transparent, inflam- History, 
enable body, pretty hard, and susceptible of polish, found 
at some depth in the earth, and on the sea-ccast of se- 
veral countries. It was in high estimation among the 
ancients both as an ornament and a medicine. — When 
this substance is distilled, a volatile salt is obtained* 

WiYcb is mentioned by Agricola under the name of salt 
of amber ; but its nature was long unknown. Boyle 
was ‘he first who discovered that it was an acid*. From 
succtniim , fch'J Latin name of amber, this acid has recei- ~ 
ved the appellation of succinic acid . 

Mr Pott $eems to have been the first chemist who 
made a set of experiments to ascertain its properties, and 
who demonstrated that it differs from every other+. 

1. It is obtained by the following process: Fill a re- Prepara- 
tort half-way with powdered amber, and cover the pow- 
der with a quantity of dry sand ; lute on a receiver, 
and distil in a sand-bath without employing too much 
heat. There passes over first an insipid phlegm ; then 

* Boyle abridged by Shaw, iii. 369. 

f Mem. Berlin, 1 753. See a n abstract of his paper in Lewis’s edition 

Neuman’s Chemistry, p. 337. 
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a weak acid, which, according to Scheele,is the acetic * ; 
then the succinic acid attaches itself to the neck of the 
retort 9 and if the distillation be continued, there comes 
•over at last a thick brown oil, which has an acid taste. 

The succinic acid is at first mixed with a quantity of 
oil. It may be made tolerably pure by dissolving it in 
hot water, and putting upon the filter a little cotton, 
previously moistened with oil of amber : this substance 
retains most of the oil, and allows the solution to pass 
clear. The acid is then to be crystallized by a gentle 
evaporation ; and this process is to be repeated till the 
acid be sufficiently pure. Guyton Morveau has shown 
that it may be made quite pure by distilling off it a suf- 
ficient quantity of nitric acid, taking care not to employ 
a heat strong enough to sublime the succinic acid f. 

2. The crystals of succinic acid are transparent, white, 
shining, and of a foliated, triangular, prismatic form : 
they have an acid taste, but are not corrosive : they 
redden tincture of turnsol, but have little effect on that 
of violets. 

They sublime when exposed to a considerable heat, 
but not at the heat of a water-bath. • In a sand-bath they 
melt, and then sublime and condense in the upper part 
of the vessel ; but the coal which remains shows that 
they are partly decomposed J. 

3. One part of this acid dissolves in 96 parts of wa- 
ter at the temperature of 50°, according to Spielman § ; 
211 24 parts at the temperature of 52 ° ; and in 2 parts 
of water at the temperature of 212°, according to Stock- 


* Bergman’s Notes on Scheffer. 
i Pott. 


f Ann. de Cbhn. xxix. 
§ Inst. Chem . § xii\ 
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ar de Neuforn * 5 but the greatest part crystallizes as Chap. H« a 
the water cools. According to Roux, however, it still 
retains more of the acid than cold water is capable of 
dissolving f. 

Two hundred and forty grains of boiling alcohol dis- 
solve 177 of this acid ; but crystals again shoot as the 
solution cools J. 

4. Sulphuric acid dissolves it with the assistance of 
heat ; but does not appear to decompose it. The same 
remark applies to nitric acid. Muriatic acid has but 
little action on it while cold ; but when heat is applied* 
the whole coagulates into the consistence of a jelly §. 

5. The compounds which this acid forms with alka- 
lies, acids, and metallic oxides, have received the name 
of succinates . 

6. When combined with soda, it crystallizes in four 
and six sided prisms. When this salt is distilled in a re- 
tort, the succinic acid is completely decomposed. There 
passes over into the receiver an acid liquor, which is the 
acetic much diluted, and a quantity of brown oil. At 
the same time carbonic acid gas and carbureted hydro- 
gen gas are disengaged, and their remain in the retort 
soda and charcoal f|. Hence it follows, that this acid* 
like the others of the same class, is decomposed by- 
heat, and that it is composed of oxygen, hydrogen, and 
<parbon. 


* De Succino. f Morveau, Encye, Method^ Cbira . i. 7 

t Wenzel's '' erneandtubafi^ p. 305. i Pott. 

E Morveau, Ann, de Chim, xxix. 165. 
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SECT. V. 

OP MOROXYLIC ACID. 

History. About the year 1802 * Dr Thompson observed a saline 
exudation on the bark of the morus alba , or white mul- 
berry tree* growing in the botanical garden of Palermo 
in Sicily. It coated the bark of the tree'in small grains 
of a yellowish and blackish brown colour. A quanti- 
ty of this matter was collected and sent to Mr Klaproth, 
who published an analysis of it in 1803 *. 

It has a taste resembling that of succinic acid ; and 
when placed upon burning coals, it emits a vapour which 
irritates the organs of smell. In water it dissolves spa- 
ringly, forming a reddish-brown liquid, which yields 
by evaporation small needleform crystals, of the colour 
of pale wood, not deliquescing in the air. By dissol- 
ving these crystals in water, and treating them with vari- 
ous reagents, Klaproth ascertained them to be formed 
of lime united to a peculiar acid, which he called mo- 
roxylic, because the salt containing it was a production 
of the wood of the mulberry tree . 

The salt dissolves but sparingly in water ; hot water 
taking up only 0 * 035 , and cold 0*015 of it. From the 
solution the alkaline carbonates precipitate lime ; but 
barytes causes no precipitate ; a proof of the absence of 


* Scherer’s Journal dtr Chemle , No. 55. p. 1. But I use the translation 
">f the paper published in Nicholson’s Journal, vii. 129. 
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sulphuric acid. It precipitates powerfully the solutions Chap. lr - 
of silver, mercury, copper, iron, cobalt, and uranium, in 
nitric acid 5 and of lead and iron in acetic acid. Ba- 
rytes water, acetate of barytes, muriate of tin, muriate 
of gold, and nitrate of nickel, produce scarcely any ef- 
fect. 

To obtain the acid, the solution of the salt was treat- 
ed with acetate of lead. Forty-five grains of the pre- 
cipitate thus obtained were mixed with 20 grains of sul- 
phuric acid diluted with 60 grains of water. The sul- 
phate of lead formed remained in the state of a white 
powder, while themoroxylic acid was dissolved and ob- 
tained by evaporation in the state of fine needles of the 
colour of pale wood. 

The acid thus obtained has the taste of succinic acid : Pro P ertie? » 
it is not altered by exposure to the air: it dissolves rea- 
dily in water and in alcohol : it does not precipitate the 
metallic solutions like its salt. 

When heated in a retort, a little acid liquor first 
comes over, which has the taste of the concrete acid : 
next, the acid rises unaltered, and adheres to the top and 
neck of the retort in colourless and transparent prisma- 
tic crystals. A coaly residuum remains in the vessel. 

Hence it appears, that a gentle sublimation is the best 
mode of obtaining this acid in a state of purity. 

When the calcareous salt of moroxylate of lime is 
distilled, a quantity of inflammable air mixed with car- 
bonic acid is obtained, and an acid liquor comes over, 
on which swims a brown oil. There remains in the 
retort a spongy mass of a pale brown colour, consisting 
of carbonate of lime mixed with some charry matter. 

From these phenomena it appears, that this acid, like 
the rest, is composed of oxygen, hydrogen, and carbon, 
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though the proportion of the constituents is unknown 
The compounds which it forms with alkalies have re- 
ceived the name of moroxylaies . 

Such are the properties of this substance ascertained 
by Klaproth. The small quantity of the salt which he 
possessed prevented a more complete examination. 


SECT. VI. 

OF CAMPHORIC ACID. 


History. Camphor is a well-known white crystalline substance* 
of a strong taste and smell* obtained from a species of 
laurel in the East Indies* It is so volatile that it can- 
not be melted in open vessels, and so inflammable that 
it burns even on the surface of water. 

When camphor is set on fire in contact with oxygen 
gas, it burns with a very brilliant flame ; much caloric 
is disengaged, water is formed, the inner surface of the 
vessel is covered with a black matter, which is un~ 
.doubtedly charcoal, and a quantity of carbonic acid gas 
is also produced *. Hence it follows, that it is com- 
posed of hydrogen and carbon, at least principally. 

Mr Kosegarten, by distilling nitric acid off camphor 
eight times successively, obtained an acid in crystals f* 
to which the name of campho?-ic acid has been given. 

Ptepara- 1. His experiments have been repeated by Mr Bouil- 
fcion.. 


* Bouillon La Grange, Ann. de Chim . xxiii. 153* 
f Kosegarten ie Camphor a % &c. 17859 
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Ion La Grange. The process for obtaining camphoric Chap. II. 
acid, as described by this chemist, is as follows : Put 
into a retort one part of camphor and eight parts of ni- 
tric acid, of the specific gravity 1*33. Distil with a 
sand heat. A great deal of nitrous gas and carbonic 
acid gas is emitted, and a little camphor sublimes. This 
process must be repeated three times on the same cam- 
phor ; so that 24 parts in all of nitric acid are neces- 
sary. After the third distillation, xvhen the retort is 
allowed to cool, a number of crystals make their ap- 
pearance in it. These are campho?'ic acid . They a- 
mount to somewhat less than the half of the camphor 
employed. 

2. Camphoric acid thus obtained is in snow-white Properties* 
crystals, of the form of parallelopipedons These 
crystals effloresce in the airf . 

Camphoric ac id has a slightly acid bitter taste, and a 
smell like that of saffron. 

It reddens vegetable colours. 

3. It is soluble in 200 parts of cold Water, according 
to Kosegarten ; in 96 parts of water at the temperature 
of 60°, according to Bouillon La Grange. Boiling wa* 
ter dissolves -A-th of its weight'}. 

According to Kosegarten, it is insoluble in alcohol ; 
according to Bouillon La Grange, alcohol dissolves it; 
and when the solution is left in contact with the air of 
the atmosphere, the acid crystallizes- It is not preci- 
pitated from its solution in alcohol by the addition of 
water §. 


* Kosegarten de Camphors, &c. 1785. f La Grange. 

* Kosegarten. § Boailion La Grange, Ann, de Chm » xxvii, 4©- 
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pivisaon H. a dense aromatic fume, and is entirely dissipated. By 

Action of a gentler heat it melts, and is sublimed. If it be put 

heat. 6 ' . i . 

into a heated porcelain tube, and oxygen gas be passed 

through it, the acid does not undergo any change, but 

is sublimed. 

By mere distillation it first melts, and then sublimes ; 
by which process its properties are in some respect 
changed. It no longer reddens the tincture of turnsol, 
but acquires a strong aromatic smell ; its taste becomes 
less penetrating, and it is no longer soluble either in 
water or the sulphuric and muriatic acids. Heated 
nitric acid turns it yellow and dissolves it. Alcohol 
likewise dissolves it : and if this solution be left in 
contact with the air of the atmosphere, it crystallizes. 

5. Camphoric acid does not produce any change on 
sulphur ; alcohol and the mineral acids totally dissolve 
it ; and so likewise do the volatile and the fat oils. 

Camphoric acid does not precipitate lime from lime- 
water. It produces no change on the solution of indigo 
in sulphuric acid. 

6. It forms combinations with the alkalies, earths, 
and metallic oxides, which, are called camphorates . 


SECT. VII. 

OF OXALIC ACID. 


History. 


W hen nitric acid is poured upon sugar, and a mode- 
rate heat applied, the sugar soon melts, an effervescence 
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ensues, a great quantity of nitrous gas and Carbonic acid t Cha P < 
gas is emitted 5 and when the effervescence ceases, and 
the liquid in the retort is allowed to cool, a number of 
small transparent crystals appear in it. These crystals 
constitute a peculiar acid, which has received the name 
of oxalic acid , because it exists ready formed, as Scheele 
has proved, in the oxalis acetosella , or wood-sorrel. At 
first, however, it was called the acid of sugar , or the 
saccharine acid. 

As the earliest and best account of the oxalic acid 
was published by Bergman, he was for a long time 
reckoned the discoverer of it 5 but Mr Ehrhart, one of 
Scheele’s intimate friends, informs us, that the world is 
indebted for its knowledge of this acid to that illustri- 
ous chemist *, and Hermbstadt and Westrumb assign the 
discovery to the same author f. The assertions of these 
gentlemen, who had the best opportunity of obtaining 
accurate information, are certainly sufficient to establish 
the fact, that Scheele was the real discoverer of oxalic 
acid* 

1 . Bergman gives us the following process for ob- Prepay 
taining this acid : u Put one ounce of white sugar pow- 
dered into a tubulated retort, with three ounces of 
strong nitric acid, the specific gravity of which is to 
that of water as 1*567. When the solution is over, du- 
ring which many fumes of the nitrous acid escape, let 
a receiver be fitted, and the liquor made to boil, by 
which abundance of nitrous gas is expelled. When the 
liquor in the retort acquires a reddish-brown colour, 
add three ounces more of nitric acid, and cdntinue the 


* Elwert’s Magazine for Apothecaries, 1785, part u p. 54, % 

f Keir’s Dictionary . 

VoL II. 


IT 



306 


COMBUSTIBLE ACIDS. 


Book IT. 
Division If. 



boiling till the fames cease, and the colour of the liquor 
vanishes. Then let the contents of the retort be emp- 
tied into a wide vessel ; and, upon cooling, a crystalli- 
zation will take place of slender quadrilateral prisms, 
which are often affixed to each other at an angle of 45°. 
These crystals, collected and dried on blotting paper* 
will be found to weigh 1 4 - dr. 19 gr. By boiling the 
remaining lixivium with two ounces of nitric acid in 
the retort till the red fumes almost disappear, and by 
repeating the crystallization as before, 4- dr. 13 gr. of 
solid acid will be obtained. If the process be repeated 
once more upon the residuum, which has now a gluti- 
nous consistence, with the successive additions of small 
quantities of nitric acid, amounting in all to two ounces, 
a saline brown deliquescent mass will be formed, 
weighing half a dram, of which about a half will be 
lost by J a farther purification. The crystals obtained 
thus at different times may be purified by solution and 
crystallization, and by digesting the last lixivium with 
some nitric acid, and evaporation with the heat of the 
sun.” 

By the same process Bergman obtained it from gum 
arabic, alcohol, and honey : Scheele, Hermbstadt, Wes- 
trumb, Hoffman, &c. from a great variety of other ve- 
getable productions ; and Berthollet from a great num- 
ber of animal substances. 

It is of great consequence not to use too much nitric 
acid, otherwise the quantity of oxalic acid will be dimi- 
nished ; and if a very great quantity of nitric acid be 
used, no oxalic acid will be obtained at all *. On the 



* Bergman. 
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contrary, Hermbstadt affirms, that if too small a quantity , cha F* 
of nitric acid be used, the acid obtained will not be the 
oxalic, but the tartaric. But I have not found this con- 
firmed upon trying the experiment. A 100 grains of 
sugar, when properly treated, yield 58 grains of crys- 
tallized oxalic acid. 

2. Oxalic acid, thus prepared, is in the form of four- Properties, 
sided prisms, whose sides are alternately larger, and 

they are terminated at the extremities by two-sided sum- 
mits. They are transparent, and of a fine white colour, 
with considerable lustre : they have a very acid taste, 
and redden vegetable blues. These crystals contain a 
portion of water, as happens to most crystallized bo- 
dies. When cautiously heated on a sand-bath they 
fall to powder, and lose about a third of their weight ; 
but a part of this loss is to be ascribed to acid volatili-^ 
zed. From an accurate set of experiments made on 
purpose to investigate this point, I conclude them to be 
composed of real acid 

23 water 

100 

So that the water of crystallization amounts very near- 
ly to -Jth of the weight *. 

3. When this crystallized acid is exposed to heat in Action of 
an open vessel, there a|ises a smoke from it, which af- 
fects disagreeably the nose and lungs. The residuum 

is a powder of a much whiter colour than the acid had 
been. By this process it loses -^d of its weight, but soon 
recovers it again on exposure to' the air. When dis- 


. * The reader is referred to a set of experiments by me on oxalic aei d a 
published in the fh\L Trans* for 5807 
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tilled, it first loses its water of crystallization, then lique- 
fies and becomes brown ; a little phlegm passes over, 
a white saline crust sublimes, some of which passes 
into the receiver ; but the greatest part of the acid is 
destroyed, leaving in the retort a mass T ^th of the 
whole, which has an empyreumatic smell, blackens 
sulphuric acid, renders nitric acid yellow, and dissolves 
in muriatic acid without alteration. That part of the 
acid which sublimes is unaltered. When this acid is 
distilled a second time, it gives out a white smoke, 
which, condensing in the receiver, produces a colour- 
less uncrystallizable acid, and a dark coloured matter 
remains behind*. During all this distillation a vast 
quantity of elastic vapour makes its escape. From 279 
grains of oxalic acid, Bergman obtained 109 cubic inches 
of gas, half of which was carbonic acid, and half carbu- 
reted hydrogen. Fontana from an ounce of it obtained 
430 cubic inches of gas, one-third of which was carbon 
nic acid, the rest carbureted hydrogqgi. 

4. The crystals of oxalic acid are soluble in their own 
weight of boiling water : water at the temperature of 
65* 7° dissolves half its weight of them. The specific 
gravity of the solution is 1*0593 +. One hundred parts 
of boiling alcohol dissolve 56 parts of these crystals ; 
but at a mean temperature only 40 parts Liquid 
oxalic alcid has a very acrid taste when it is concentra- 
ted-, but a very agreeable acid tJHe when sufficiently di- 
luted with water §. 

It changes all vegetable blues except indigo to a red. 
One grain of crystallized acid, dissolved in 1920 grains 


* Bergman. f Ibid, i. aj * . 


$ Ibid. 


$ Ibid, 
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water, reddens the blue paper with which sugar 
loaves are wrapt : one grain of it, dissolved in 3600 
grains of water, reddens paper stained with tumiol *. 
According to Morveau, one part of the crystallized acid' 
is sufficient to communicate a sensible acidity to 2633 
parts of water f. 

Its fixity is such, that none of it is sublimed when 
water containing it in solution is raised to the boiling 
temperature. 

5. Oxalic acid is not affected by exposure to the air, 
or to the action of oxygen gas. The effect of the 
simple combustibles on it has not been tried ; but in 
all probability is inconsiderable. 

It is capable of oxidizing lead, copper, iron, tin, bis- 
muth, nickel, cobalt, zinc, manganese. 

It does not act upon gold, silver, platinum, mercury* 

6. Oxalic acid combines with alkalies, earths, and 
metallic oxides, and forms salts known by the name of 
oxalates . 

7. Muriatic and acetic acids dissolve oxalic acid, but 
without altering it J- Sulphuric acid partly decompo- 
ses it by the assistance of heat, and a quantity of char* 
coal is formed. Nitric acid decomposes it at a boiling 
heat, and converts it into water and carbonic acid 
From this result, and from the products obtained by 
distilling pure oxalic acid, it follows, that this acid is 
composed of oxygen, hydrogen, and carbon. The best 
method of ascertaining the proportion of these consti- 
tuents, is to distil at a red heat determinate quantities 


* Bergman, i. 255. f Encyc. Method, art. Acid* Saccharin. 

$ Bergman. § Fuurcroy, vii. 224. 
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of dry oxalates. So far as my experiments have gone, 
the oxalic acid is decomposed precisely in the same 
way, and the same new products formed whatever oxa- 
late we use ; but the oxalate of lime is most convenient, 
because we can ascertain its composition with the great- 
est accuracy. When oxalate of lime is distilled in a 
small retort by means of a heat gradually raised to red- 
ness, the oxalic acid is completely decomposed and con- 
verted into five new substances ; namely, water, carbonic 
acid , carbonic oxide , carbureted hydrogen , and charcoal . 
The water is small in quantity, the carbonic acid large, 
and partly in the state of gas, partly combined with the 
base of the oxalate. The carbonic oxide and carbu- 
reted hydrogen are in the state of gases, and in the pro- 
portion of about 2y of the former to 1 of the latter. 
The charcoal is small in quantity, and mixed with the 
residue in the retort, to which it gives a grey colour. 
By carefully ascertaining the proportion of each of 
these products, and estimating their composition ac- 
cording to the most exact analysis hitherto made of 
each, I found that the composition of oxalic acid may 
be stated as follows, oxygen 64 . 

carbon 32 
hydrogen 4 

100 

This result differs very considerably from that announ- 
ced by Fourcroy and Vauquelin as obtained by their 
experiments. Oxalic acid, according to them, is com® 
posed of oxygen 77 , carbon 13 , hydrogen 10*. But I 


* Fourcroy, vii. SZ4, 
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am persuaded that my numbers are much nearer the t Chap . II. 
truth than these. The proportion of carbon contained 
in the carbonic acid, evolved by the distillation of oxa- 
late of lime, is a good deal greater than the whole of 
the carbon which they assign to the composition of oxa- 
lic acid. 

This acid is too expensive to be employed for the 
purposes of domestic economy ; but it is extremely use- 
ful in chemistry to detect the presence of lime held in 
.solution. For this purpose, either a little of the pure 
acid, or of the solution of oxalate of ammonia, is dropt 
into the liquid supposed to contain lime. If any be 
present, a white powder immediately precipitates 
The reason of this is, that oxalate of lime is altogether 
insoluble, and oxalic acid in consequence is capable of 
taking lime from every other acid. 


SECT. VIII. 

OF MELLITIC ACID. 


There is a mineral of a honey-yellow colour which History, 
is found in small solitary crystals among the layers of 
Woodcoal at Arten in Thuringia, At first sight it has 

some resemblance to amber ; but Werner recognised it 

% 


* Provided the liquid does not contain an excess of any of the more 
powerful acids. In that case the excess must be saturated with ammo- 
nia before adding; the oxalic acid. 
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as a peculiar substance about the year 1790, and gave 
it the name of honigstein (honey<-stone), which foreign 
mineralogists converted into mellite . This mineral is 
very rare. Hitherto indeed it has been found only in 
Thuringia and in Switzerland *. 

Mellite has usually a honey-yellow colour, but some- 
times a straw-yellow* It is always crystallized in octa- 
hedrons, but they are rarely entire ; sometimes indeed 
altnost the whole of one of the pyramids is wanting. 
Their surface is generally smooth and brilliant, and in- 
teriorly they have a glassy lustre. They are semitrans- 
parent, brittle, soft, and easily reduced to powder. 
When pounded, they assume a yellowish-grey colour. 
Their specific gravity is about 1*550 f. 

Mineralogists soon discovered that mellite is partly 
combustible ; but they did not agree about its compo- 
nent parts. Lampadius and Abich undertook its che- 
mical analysis about the same time. According to the 
first of these gentlemen, it is composed of 
86*4 charcoal 
3*5 bitumen 
2'0 silica 
3*0 water 


94*9 f 

According to Abich, it contains the following ingre- 
dients 


* Brochant’s Mineralogy , ii. 75 
| Klaproth’s Beitrage, iii. XI5. 
t Crcll’s Annals , 1797,11. IQ. 
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40 carbonic acid 
28 water 

16 carbonate of alumina 
benzoic acid 
5 benzoate of alumina 
3 oxide of iron 
24 r resin 

100f 

The results of these analyses differed so much from 
each other, that little confidence could be placed in 
either. Besides, it was evident from the way in which 
their experiments were conducted, that the original 
component parts of mellite had been altered by fire. 

Klaproth analysed it in 1799, and ascertained it to be a 
compound of alumina and a peculiar acid, to which he 
gave the name of mellitic J . And this analysis was soon 
after confirmed by Mr Vauquelin ||. 

1* Hitherto mellitic acid has been found only in the ^ re para- 

tion. 

mellite. It may be procured from that mineral by the 
following process : Reduce the mellite to powder, and 
boil it in about 72 times its weight of water. The acid 
combines with the water, and the alumina separates in 
flakes. By filtering the solution, and evaporating suf- 
ficiently, the mellitic acid is obtained in the state of 
crystals. 

2. These crystals are either very fine needles, some- Properties, 
times collected into globules, or small short prisms. 


Chap. TL 


t Beitrage , iii. 114. 


f Crell’s Annals , 1797, iv P* l6. 
;J Arm . ds Chim. xxxvL 203. 
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^Book ir^ They have a brownish colour, and a taste at first sweet- 
y— ~ * ish-sour, and afterwards bitterish. 

3. This acid is not very soluble in water; but the 
precise degree of solubility has not been ascertained. 

4. When exposed to heat, it is readily decomposed, 
exhaling an abundant smoke, which however is desti- 
tute of smell. A small quantity of insipid ashes re- 
main behind, which do not alter the colour of litmus 
paper. 

5- All attempts to convert it into oxalic acid by the 
action of nitric acid have failed. The nitric acid mere- 
ly caused it to assume a straw-yellow colour. 

6. The effect of the simple bodies on this acid has 
not been tried. 

*7. It combines with alkalies, earths, and metallic ox- 
ides, and* forms with them salts which are distinguish- 
ed by the name of mellatcs . The properties of these 
compounds will be considered afterwards. 

8. From the analysis of Mr Klaproth, we learn that 
the mellite is composed of 

46 mellitic acid 
36 alumina 
38 water 

100 

Now when mellite is distilled in a retort, the acid is 
completely decomposed, and its elements combine to- 
gether in a different way. By this method Mr Kla- 
proth obtained from 100 grains of mellite 
54 cubic inches of carbonic acid gas 
13 . . . . . . ..... . hydrogen gas 

38 grains of acidulous and aromatic water 
1 ...... * • aromatic oil 
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9 charcoal 

1 6 •••••• • •alumina 


From this analysis it is obvious, that mellitic acid is 
composed of carbon, hydrogen, and oxygen, like most 
of the combustible acids. It does not, however, fur- 
nish us with sufficient data for ascertaining the propor- 
tion of these constituent parts. . 

Mellitic acid bears a great resemblance to the oxalic; 
but it differs from it in many particulars, especially in 
the nature of the compounds which it forms with diffe- 
rent bases. 


SECT. IX. 

OF TARTARIC ACID. 

Tartar, or cream of tartar, as it is commonly 
called when pure, has occupied thelttention of chemists 
for several centuries. Du ham el and Grosse, and after 
them Margraff and Rouelle the Younger, proved that 
it was composed of an acid united to potash ; but Scheele 
was the first who obtained this acid in a separate state. 
He communicated his process for obtaining it to Ret- 
zius, who published it in the Stockholm Transactions 
for 1770. It consisted in boiling tartar with chalk, and 
in decomposing the tartrate of lime thus formed by 
means of sulphuric acid. 

1 . The process employed at present for obtaining tar- 
taric acid, which is the same with that of Scheele, is 
the following : Dissolve tartar in boiling water, and add 


b C hap. II. 
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Prepara- 
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to the solution powdered chalk till all effervescence 
ceases, and the liquid does not redden vegetable blues. 
Let the liquid cool, and then pass it through a filter. 
A quantity of tartrate of lime (which is an insoluble 
white powder) remains upon the filter. Put this tar- 
trate, previously well washed, into a glass cucurbite, 
and pour on it a quantity of sulphuric acid equal to 
the weight* of the chalk employed, which must be dilu- 
ted with water. Allow it to digest for 12 hours, stir- 
ring it occasionally. The sulphuric acid displaces the 
tartaric: sulphate of lime remains at the bottom, while 
the tartaric acid is dissolved in the liquid part. Decant 
-off this last, and try whether it contains any sulphuric 
acid. • This is done by dropping in a little acetate of 
lead ; a precipitate appears, which is insoluble in acetic 
acid if sulphuric acid be present, hut soluble if it be ab- 
sent. If sulphuric acid be present, the liquid must be 
digested again on some more tartrate of lime ; if not, it 
is to be slowly evaporated, and about one third part of 
the weight of the tar tar employed is obtained of cry stal- 
lized tartaric acid. ^ 

Lime may be substituted for chalk in this process. 
In that case the decomposition of the tartar is complete ; 
whereas by Scheele’s method, the excess of acid only 
combines with the chalk ; but when lime is used, the 
whole tartrate of lime by no means separates. A con- 
siderable portion is retained in solution by the potash 
of the tartar now disengaged. If the liquid be evapo- 
rated, this portion appears under the form of a transpa- 
rent jelly. By exposure to the air the potash attracts 
carbonic acid, which unites to the lime, while the tar- 
taric acid combines again with the potash. To obtain 
the potash in a state of tolerable purity, the best me- 
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thod, according to Vauquelin, to whom we are indebt- t cha P; If - 
«d for these observations, is to evaporate to dryness, and 
heat the residue to redness. By lixiviating the mass, 
the potash will be obtained in a state of considerable 
purity *. 

2. The form of the crystals of tartaric acid is so ir- Bropcrdes. 
regular, that every chemist who has treated of this sub- 
ject has given a different description of them. Accord- 
ing to Bergman, they generally consist of divaricating 
lamellae + ; according to Van Packen, they assume oft- 

enest the form of long- pointed prisms J ; Spielman and 
Corvinus § obtained them in groups, some of them 
lance-shaped, others needle-formed, others pyramidal* 

Morveau obtained them needle-form ||. Their specific 
gravity is 1*5962 

As they are sold by apothecaries in this country, they 
are in groups, and appear to be very irregular four-sided 
prisms. By my experiments they are composed of 
84*5 real acid and 15*5 of w^ater. 

3. Crystallized tartaric acid is white, and very firm, 
and is but imperfectly transparent. It may be exposed 
to the air for any length of time without undergoing any 
change. When heated a few degrees above 212° it 
melts and remains limpid and transparent like water. 

At 250° it boils without losing its transparency or be- 
coming coloured. If the boiling be continued for a 
short time only it does not lose above 4 per cent \ of its 


Ann. de Chhn. xlvii. 147, f Bergman, iii. 368- 

| De Sale Essent. Acidi Tartarl. § Analecta de Tartars 

jj Encyc. Metbcd. Cl hr. i. 323. 

* Hassenfratz, Ann. 4e Cbim. xxxviii. 
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Book II. weight. On. cooling it concretes again into a hard se- 
Division IF. . . , 

— ~ y — > mitransparent mass, very much resembling a quantity 
of white sugar that has been melted at the same tempe- 
rature. By this process the nature of the acid is chan- 
ged. It now deliquesces when exposed to the air. 

In the open fire tartaric acid burns without leaving 
any other residuum than a spongy charcoal, which ge- 
nerally contains a little lime. When distilled in close i 
vessels, it is converted into carbonic acid gas and carbu- 
reted hydrogen gas, a coloured oil, and a reddish acid 
liquor, which was formerly distinguished by the name 
of pyrotartarous acid , but which Fourcroy and Vauque- 
lin have lately ascertained to be merely acetic acid im- 
pregnated with oil *. 

When tartaric acid combined with a base, as with 
lime, is distilled in a sufficiently strong heat, it is com- 
pletely decomposed. The products into which it is 
converted, are, water , carbonic acid , heavy inflammable 
air y oil and charcoal . The quantity of carbonic acid 
which it yields is less than what is furnished by an e« 
qual weight of oxalic acid ; but it differs from oxalic 
acid, in yielding a portion of brown coloured thick oil, 
which has an empyreumatic smell, and dissolves in alco- 
hol. 

4. Tartaric acid dissolves readily in water. Berg- 
man obtained a solution, the specific gravity of which 
was 1*230 f. Morveau observed, however, that crys- 
tals formed spontaneously in a solution, the specific 
gravity of which was 1*084. It is not liable to spon- 


* *4**. dp Chim. XXXV. I.'JI. 


f Bergmai), i. ,25c. 
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taneous decomposition when dissolved in water, unless 
the solution be considerably diluted. 

5. Neither its action on oxygen gas nor on simple 
combustibles and incombustibles has been examined 5 
but it is probable that it is not capable of producing any 
sensible change on them. It is capable of oxidizing iron 
and zinc, and even mercury ; but it does not act upon 
antimony, bismuth, tin, lead, copper, silver, gold, nor 
platinum. Its action on the other metalli cjbodies has 
scarcely been examined. 

6. It combines with alkalies, earths, and metallic ox- 
ides, and forms salts known by the name of tartrates . 
Though it forms with the alkaline earths salts which 
are scarcely soluble in water, yet it has not the proper- 
ty of precipitating any of them from their solutions. 
In this respect it differs very greatly from oxalic 
acid, which precipitates them all except magnesia. 

7. The action of the greater part of the other acids 
on it is unknown. Hermbstadt has ascertained, that it 
maybe converted into oxalic acid by distilling it repeat- 
edly with six times its weight of nitric acid. By this 
process he obtained 560 parts of oxalic acid from 360 
parts of tartaric acid J. 

8. From this result, and from the products obtained 
when tartaric acid is distilled, it is evident that it is 
composed of oxygen, carbon, and hydrogen. Fourcroy 
informs us, that Vauquelin and he have ascertained 
that these ingredients are combined in it in the follow- 
ing proportions * : 


Chap. IT. 
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70*5 oxygen 
19*0 carbon 
10*5 hydrogen 


100-0 

Tartaric acid, in a state of purity, has scarcely been 
put to any use ; but some of the compounds into which 
it enters are much employed in medicine. This acid 
has the property of combining in two different propor- 
tions with a great number of bases. With potash, for 
instance, in one proportion, it forms a salt pretty solu- 
ble in water, called tartrate of potash ; but when added 
in a greater proportion, it forms tartar, a salt very im- 
perfectly soluble in water. By this property, the pre- 
sence of tartaric acid in any acid solution may easily 
be detected. All that is necessary is to drop in slowly 
a little solution of potash : if tartaric acid be present, 
tartar immediately precipitates in the form of a white 
gritty powder. 


SECT. X. 

OF CITRIC ACID. 


C/hemists have always considered the juice of oranges 
and lemons as an acid. This juice contains a quantity 
of mucilage and water, which renders the acid impure, 
and subject to spontaneous decomposition. Mr Geor- 
gius took the following method to separate the muci- 
lage. He filled a bottle entirely with lemon-juice, cork- 
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td it, ahd placed it in a cellar :: in four years the liquid Chap. U^ 
was become as limpid as water, a quantity of mucilage; 
had fallen to the bottom in the form of flakes,- and a 
thick crust had formed under the- cork. . He exposed 
this acid to a cold of 23 °, which froze a great pari of 
the water, and left behind a strong and pretty pure 
acid*. It was Seheele, however, that first pointed out 
a method of obtaining this acid perfectly pure, arid who 
demonstrated that it possesses peculiar properties* 

1. His process, which is still followed, is this ; Satu- Prepare 
rate lelnon juice, while boiling, with powdered chalk. tlon * 

A white powder falls to the bottom, which islime com- 
bined with citric acid. Separate this powder, and 
wash it with warm water till the water passes off co- 
lourless. Then pour upon it as much sulphuric acid 
as will saturate the chalk employed, having previously- 
diluted it with six times its weight of water. Boil the 
mixture for some minutes, and pass it through a filter 
to separate the sulphate of lime* The liquid, is then to 
be evaporated to the consistence of a syrup, and set 
aside to cool. A number of crystals form in it : these 
are citric acid 

Mr Seheele advises the use of an excess of sulphuric 
acid in order to ensure the separation of all the lime ; 
but according to Dize, this excess is necessary for ario* 
ther purpose}. A quantity of mucilage still adheres 
to the citric acid in its combination with lime, and sul- 
phuric acid is necessary to decompose this mucilage .3 
which, as Fourcroy and Vauquelin have proved, it is 


* Stockholm Transactions , 1 77 4. f Seheele, iio 203 f 

J Nicholson’s Journal, ii. 43* 
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70*5 oxygen. 
19*0 carbon 
10*5 hydrogen 


100*0 ! 

Tartaric acid, in a state of purity, has scarcely been 
put to any use ; but some of the compounds into which 
it enters are much employed in medicine. This acid 
has the property of combining in two different propor- 
tions with a great number of bases. With potash, for 
instance, in one proportion, it forms a salt pretty solu- 
ble in water, called tartrate of potash ; but when added 
in a greater proportion, it forms tartary a salt very im- 
perfectly soluble in water. By this property, the pre- 
sence of tartaric acid in any acid solution may easily 
be detected. All that is necessary is to drop in slowly 
a little solution of potash : if tartaric acid be present, 
tartar immediately precipitates in the form of a white 
gritty powder. 
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SECT. X. 

OF CITRIC ACID. 


Chemists have always considered the juice of oranges 
and lemons as an acid. This juice contains a quantity 
of mucilage and water, which renders the acid impure, 
and subject to spontaneous decomposition. Mr Geor- 
gius took, the following method to separate the muci- 
lage. He filled a bottle entirely with lemon-juice, cork- 
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fed it, arid placed it in a cellar;:* in’, four years the liquid Chap. ir^ 
was become as limpid as water, a quantity of inueilage: - 

had fallen to the bottom in the form of flakes,- and a 
thick crest had formed under the^ cork. He exposed 
this acid to a cold of 23°, which froze a great ;.part of 
the water, and left behind a strong and pretty pure 
acid*, It was Scheele, however, that first pointed out 
a method of obtaining this acid perfectly pure* arid who 
demonstrated that it possesses peculiar properties* 

1. His process, which is still followed, is this : ; Satu- Prepare 
rate lemon juice, while .boiling, with powdered chalk. tl0Iio 
A white powder falls to the bottom, which is lime com- 
bined with citric acid. Separate this powder, and 
wash it with warm water till the water passes off co- 
lourless. Then pour upon it as much sulphuric acid 
as will saturate the chalk employed, having previously 
diluted it with six times its weight of water> Boil the 
mixture for some minutes, and pass it through a filter 
to separate the sulphate of lime* The liquid, is then to 
be evaporated to the consistence of a syrup, and . set 
aside to cool. A number of crystals form in it : these 
are citric acid. f. 

Mr Scheele advises the use of an excess of stflpbiiric 
acid in order to ensure the separation of all the lime; 
but according to Dize, this excess is necessary for aho» 
ther purpose %. A quantity of mucilage still adheres 
to the citric acid in its combination with lime, and sul- 
phuric acid is necessary to decompose this mucilage ; 
which, as Fourcroy and Vauquelin have proved, it is 


* Stockholm Transactions, 1774 * 
1 Nicholson’s Journal , ii. 43. 

Vol. II. 


f Scheele, ii. 103. 
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capable of doing. His proof of the presence of muci- 
lage is, that when the solution of citric acid in water, 
which he had obtained, was sufficiently concentrated by 
evaporation, it assumed a brown colour, and even be- 
came black towards the end of the evaporation. The 
crystals also were black. By repeated solutions and e- 
vaporations, this black matter was separated, and found 
to be charcoal. Hence he concluded that mucilage had 
been present ; for mucilage is composed of carbon, hy- 
drogen, and oxygen ; sulphuric acid causes the hydro- 
gen and oxygen to combine and form water, and char- 
coal remains behind. It is not certain, however, as Mr 
Nicholson remarks very justly *, that the sulphuric acid 
may not act upon the citric acid itself, and that the 
charcoal may not proceed from the decomposition of it ; 
at least the experiments of Mr Dize are insufficient to 
prove the contrary. In that case, the smaller the ex- 
cess of sulphuric acid .used the better. 

Proust, who has published a memoir on the prepara- 
tion of citric acid in the Journal de Physique fox 1801 f, 
has observed that this is actually the case. When too 
much sulphuric acid is employed, it acts upon the citric 
acid, chars it, and prevents it from crystallizing. This 
error is remedied by adding a little chalk. This che- 
mist has ascertained, that four parts of chalk require for 
saturation 94 parts of lemon juice. The citrate of lime 
obtained amounts to 74- parts. To decompose this, 20 
parts of sulphuric acid, of the specific gravity 1*15, are 
necessary, 

2. The crystals of citric acid are rhomboidal prisms, 


& Nicholson's Journal^ iu 43 , 
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the sides of which are inclined to each other at angles t cha P- n - . 

of about 120 and 60 degrees, terminated at each end by 

four trapezoidal faces, which include the solid angles 

They are not altered by exposure to the air. Their 

taste is exceedingly acid, and even excites pain ; but 

when the acid is properly diluted with water, the acidity 

is pleasant. 

3. When exposed to the open fire, it first melts, then 
swells up and exhales an acrid vapour, and leaves be- 
hind it a small quantity of charcoal. When distilled in 
clbsevessels,ftpartly evaporates without decomposition, 
and is partly converted into acetic acid, carbonic acid, 
and carbureted hydrogen gas, which pass over, and 
charcoal which remains in the retort. 

4. Citric acid is exceedingly soluble in water. Ac- 
cording to Vauquelin, 100 parts of it require only 15 
parts of water. Boiling water dissolves twice its weight 
of it +. This solution may be kept a long time in close 
vessels j however it at last putrifies, and is decompo- 
sed. 

5. Neither oxygen gas nor the simple combustibles 
or incombustibles produce any effect upon it. It is ca- 
pable of oxidizing iron, zinc, tin. It does not act upon 
gold, silver, platinum, mercury, bismuth, antimony, 
arsenic. 

* 6. It combines with alkalies, earths, and metallic ox- 

ides, and forms salts known by the name of citrates* 

7. The action of none of the acids on it has been ex- Action of 
amined, if we except that of the sulphuric and nitric. acicis * J 
Sulphuric acid, when concentrated, converts it into a- 


* Bize, Nicholson’i Journal ii. 33. 
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Book n. cetic acid *. Scheele said that he could not convert it 
Division IL * nto g Xa jj c means of nitric acid, as he had done 

several other acids : but Westrumb affirms, that this con- 
version may be affected $ and thinks that Scheele had 
probably failed from having used too large a quantity of 
nitric acid, by which he had proceeded beyond the con- 
version into oxalic acid, and had changed the citric acid 
into vinegar : and in support of his opinion, he quotes 
his own experiments ; from which it appeared that, by 9 

treating.- 60 grains cf citric acid with different quan- 
tities of nitric acid, his products were very different* 

Thus with 200 grains of nitric acid he got 30 grains 
of oxalic acid ; with 300 grains of nitric acid he ob- 
tained only 15 grains of the oxalic acid ; and with 600 
grains of nitric acid no vestige appeared of the oxalic 
acid. On distilling the products of these experiments, 
especially of the last, he obtained vinegar mixed with 
nitric acid. The experiments of Westrumb have been. ^ 

confirmed by Fourcroy and Vauquelin ; who, by treat- 
ing citric acid with a great quantity of nitric acid, con* 
verted it into oxalic and acetic acids. The proportion % 
of the first was much smaller than that of the second. 

From these experiments it is evident that its compo- 
nent parts are oxygen, hydrogen, and carbon ; but the 
proportions of them have not been ascertained. 

The use of this acid as a seasoner of food, and in * 

preparing an agreeable cooling drink called lemonade , is 
well known. 


« Toircroy, vii. 
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SECT. XI. 

OF KINIC ACID. 

Mr Deschamps, junior, an apothecary in Lyons, some Discovery, 
time ago published a method of extracting from yellow 
Peruvian bark a peculiar salt, to which the physicians 
of Lyons ascribed the febrifuge properties of that bark. 

His process was very simple ; the bark was macerated 
in cold water, and the infusion concentrated by evapo- 
ration. It wa^ then set aside for some time in an open 
•vessel. The crystals of the salt gradually formed and 
separated, and they were purified by repeated crystalli- 
zations. From 100 parts of the bark about 7 parts 
of these crystals were obtained*. - 

This salt has been lately examined by Mr Vauque- 
lin, who has proved that it is composed of lime united 
to a peculiar acid hitherto unknown. To this acid he 
has given the name of hinic , borrowed from the term 
quinquina , applied by the French writers to the bark 
from which the salt was extracted. 

Deschamp’s salt then is kinate of lime . It possesses Kinate of 
the following properties. lime# 

Its colour is white, it crystallizes in square or rhom- 
boidal plates ; it has no taste, and is flexible under the 
teeth. It dissolves in about five times its weight of 


* Ann, de Chins, xlviii. l6s* 
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water at the temperature of 55°. It is insoluble in 
alcohol. 

When placed on burning coals it swells, gives out 
a smell like tartar, and leaves a mixture of carbonate of 
lime and charcoal. The fixed alkalies and their carbo- 
nates precipitate lime from the solution of this salt, 
but ammonia produces no effect. Sulphuric and oxalic 
acid precipitate lime likewise, hut no precipitate is pro- 
duced by acetate of lead or nitrate of silver. The in- 
fusion of tannin occasions a flaky yellow precipitate. 

Mr Vauquelin separated the lime from the kinic 
acid by means of oxalic acid. The oxalate of lime ob- 
tained from 100 grains of the salt weighed 27 grains. 
Hence he concluded that the salt was a compound of 
35 parts acid and 15 lime. But the lime in 27 grains 
of oxalate of lime yery little exceeds 10 grains. Hence 
the salt ought to be composed of 90 parts acid and 10 
of lime. 

The kinic acid, thus freed from lime, was concen- 
trated by evaporation to the consistency of a syrup, and 
then set aside for a week. No crystals formed in it 
spontaneously ; but upon being touched with a glass 
rod it wholly crystallized at once in divergent plates. 

Its colour was slightly brown (doubtless from some 
impurity) ; its taste was extremely acid and somewhat 
bitter, probably because it was not quite free from the 
other constituents of the hark. It was not altered by 
being left exposed to the air. 

On burning coals it melted, froathed, blackened, and 
exhaled in acrid vapours, leaving only a little charcoal 


behind. 

It combines with the different bases, and forms a set 
of salts called Mnates . The alkaline and earthy ki- 
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nates are soluble and crystallizable. This ac does 
not precipitate nitrates of silver, mercury, nor lead *. 

This detail, though imperfect, is sufficient to dis- 
tinguish the kinic from every other acid. Its decom- 
position by heat shows that it belongs to the class of 
combustible acids. Its crystallizing, its great solubility- 
in water, and its forming a soluble salt with lime, and 
not precipitating silver nor lead, sufficiently distinguish, 
it from all the other combustible acids with which it 
might be confounded. 


Chap. II. 


SECT. XII. 

OF SACLACTIC ACID. 

This acid was discovered by Scheele in 17 SO. After History, 
having. obtained oxalic acid from sugar, he wished to 
examine whether the sugar of milk would furnish . the 
same product. Upon four ounces of pure sugar of 
milk, finely powdered, he poured 12 ounces of diluted 
nitric acid, and put the mixture in a large glass retort, 
which he placed in a sand-bath. A violent efferves- 
ence ensuing, he was obliged to remove the retort from 
the sand-bath till the commotion ceased. He then con- 
tinued the distillation till the mixture became yellow. 

As no crystals appeared in the liquor remaining in the 
Tetort after standing two days, he repeated the distilla- 


* Ann . de Cbim* lix. l6s. 
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tion as before* with the addition of eight ounces of ni- 
tric acid, and continued the operation till the yellow 
colour, which had disappeared on the addition of the ni- 
tric acid, returned. The liquor in the retort contain- 
ed a white powder, and when cold was observed to be 
thick. Eight Ounces of water were added to dilute this 
liquor, which was then filtrated, by which the white 
powder was separated ; which being edulcorated and 
dried,- weighed dr. The filtrated solution was eva- 
porated to the consistence of a syrup, and again sub- 
jected to distillation, with four ounces of nitric acid as 
before ; after which, the liquor, when cold, was ob- 
served to contain many small, oblong, sour crystals, to- 
gether with some white powder. This powder being 
separated, the liquor was again distilled with more ni- 
tric acid as before ; by which means the liquor was 
rendered capable of yielding crystals again ; and by one 
distillation more, with more nitric acid, the whole of 
the liquor was converted into crystals, These crystals, 
added together, weighed five drams ; and were found, 
upon trial, to have the properties of the oxalic acid. 

Mr Scheele next examined the properties of the 
white powder, and found it to be an acid of a peculiar 
nature ; he therefore called it the acid of the sugar of 
milk *. It was afterwards called saclactic acid by the 
French chemists. Fourcroy has lately given it the name 
of mucous acid , because it is obtained by treating gun* 
arabic, and other mucilaginous substances, with nitric 
$cid. 
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Mr Hermbstadt of Berlin had made similar e:xperi- , cha P- IL 
ments on sugar of milk at the same time with Scheele, 
and with similar results ; but he concluded that the 
white powder which he obtained was nothing else than 
oxalate of lime with excess of acid, as indeed Scheele 
himself did at first. After he became acquainted with 
&cheele*s conclusions, he published a paper in defence 
of his own opinion ; but his proofs are very far from 
establishing it, or even rendering its truth probable 
He acknowledges himself, that he has not been able 
to decompose this supposed salt ; he allows that it pos- 
sesses properties distinct from the oxalic acid ; but he 
ascribes this difference to the lime which it contains % 
yet all the lime which he could discover in 240 grains 
of this salt w r as only 20 grains ; and if the alkali which 
he employed was a carbonate (as it probably was), 
these 20 must be reduced to 11. Now Morveau has 
shown, that oxalic acid, containing the same quantity of 
lime, exhibits very different properties. Besides, this 
acid, whatever it is, when united with lime, is separated 
by the oxalic, and must therefore be different from it, 
as it would be absurd to suppose that an acid could dis- 
place itself f, The saclactic acid must therefore be 

considered as a distinct acid, since it possesses peculiar 
properties. 

1. Saclactic acid may be obtained by the following Prepara- 
process : Upon one part of gum arabic, or other similar tlon * 
gum, previously put into a retort, pour two parts of ni- 
tric acid. Apply a slight heat for a short time, till a 


* CrelPs Annals^ 1784, ii. 509. 
f Morveau, Encye* Method » L 2 $X„ 
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Book If- little nitrous gas and carbonic acid gas comes over; then 

Birfai on * aij AW the mixture to cool. A white powder gradually 

precipitates, which may be easily separated by filtra* 
tion* This powder is saclactic acid*. 

Properties. 2. Saclactic acid, thus obtained, is under the form of 
a white gritty powder, with a slightly acid taste. 

Heat decomposes it. When distilled, there comes 
over an acid liquor which crystallizes in needless on cool- 
ing, a red coloured acrid oil, carbonic acid gas, and car- 
bureted hydrogen gas. There remains in the retort a 
large proportion of charcoal. 

Saclactic acid, according to Scheele, is soluble in 60 
parts of its weight of boiling water; but Messrs Herinb- 
stadt f and % Morveau found, that boiling water only 
dissolved T ^th part: it deposited abouf-Jth part on cool- 
ing in the form of crystals $ . 

The solution has an acid taste, and reddens the infu- 
sion of turnsol j|. Its specific gravity, at the tempera- 
ture of 53*7°, is 1*0015 5T- 

The compounds which it forms with earths, alkalies, 
and metallic oxides, are denominated saccolates. These 
salts are but very imperfectly known, no chemist ha- 
ving examined them except Scheele. The facts which 
he ascertained are the following : 

With potash it forms a salt soluble in eight parts of 
boiling water, which crystallizes on cooling. The sac- 
eolate of soda also crystallizes, and is soluble in five 
parts of water. Saccolate of ammonia loses its base by 


* Fourcroy, vii. 146. 

4 Eneyc, Method, L 290* 


f Pbys. Chens . 

§ Scheele. 
f Morveau, Ibid- 
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a moderate heat, while the acid remains behind- The 4 Chap, ir. 
compounds which it forms with the earths are nearly 
insoluble in water. It scarcely acts upon any of the 
metals, but it combines with their oxides : it forms 
salts almost insoluble in water. When poured into the 
nitrates of silver, mercury, or lead, it occasions a white 
precipitate. It produces no change in the sulphates of 
iron, copper, zinc, manganese, nor in the muriates of 
tin and mercury *. 


SECT. XIII. 

OF URIC ACID. 

V ARIOUS attempts were made by chemists to ascertain Discovery, 
the nature of the calculous concretions which occasion- 
3y form in the kidneys and bladder, and produce one 
of the most painful diseases to which we are liable. 

These attempts were attended with very little success, 
till Scheele published a set of experiments on the sub- 
ject in 1776. He examined several of these urinary 
calculi, and found them composed chiefly of a peculiar 
acid, the properties of which he described. His resul 
were soon after confirmed by Bergman, who had en- 
gaged in a similar set of experiments about the same 
time f. To the acid thus discovered, Morveau gave a 
first the name of bezoardic, which was after changed i 

^ Schfele, ii. 76. 1 Ibid. i. 199 and aio. French Trans. 
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Book II. to lithic by the French chemists, when thev contrived 
Division II. J \ . 

the new chemical nomenclature in 1787, This last 

term,- in consequence chiefly of the observations and ob- 
jections of Dr Pearson, has been recently laid aside, 
and the name uric acid substituted in its place. 

Scheele ascertained that uric acid exists always in 
human urine. Experiments on the urinary calculi were 
published by Mr Higgins in 17S9*, and by Dr Austin 
in 1791 ; but little was added to our knowledge of 
uric acid till Dr Wollaston published his admirable 
paper on the calculous concretions in 1797. Dr Pear- 
son published a copious set of experiments on the same 
subject in 1798, in which he enumerates his trials on 
uric acid, and endeavours to prove that it is not entit- 
led to the name of acid, but ought to be classed among 
animal oxides. This drew the attention of Fourcroy 
and Vauquelin to the subject : they published an excel- 
lent treatise on urinary calculi, in which they demon- 
strate that it possesses the properties of an acid, and 
confirm the observations of Bergman and Scheele. But 
for the most complete account of uric acid we are en- 
debted to Dr William Henry, who made it the sub- 
ject of his thesis published in 1807. 

Prepara- 1. To obtain pure uric acid, Dr Henry dissolved pul- 
tion- verized calculi (previously known to be composed 

chiefly of that acid) in a ley of potash, and precipitated 
the uric acid by means of muriatic or acetic acids. 
The powder thus obtained was first washed with a little 
ammonia, to remove any adhering foreign acid, and 


^ Comparative view of the phlogistic and antiphlogistic theories, p. sSj- 
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then edulcorated with a sufficient quantity of warm Cha p, ir. ^ 
water. 

2. Uric acid thus obtained is a white powder, which propertiea. 
feels harsh but not gritty, and is destitute both of taste 

and smell. It reddens the infusion of litmus. It dis- 
solves in 1 720 parts of water at the temperature of 00 °, 
and in 1150 parts of boiling water. As this last solu- 
tion cools, it deposites minute crystals of uric acid® 

The watery solution reddens litmus, but produces no 
precipitate when dropt into earthy or metallic salts K 

3 . It is rapidly dissolved by fixed alkaline solutions, 
but less readily by ammonia. The alkaline carbonates 
have no effect on it whatever f. 

4. It decomposes the alkaline hydrosulphurets, and 
precipitates their sulphur. It likewise decomposes 
soap, provided a sufficient quantity of it be employed J. 

5. It dissolves in nitric acid $ and when the solution 
is evaporated nearly to dryness, it assumes a fine pink 
colour, which becomes much deeper when water is ad- 
ded, so as to have a near resemblance to carmine. In 
this state it stains wood, the skin, &c. of a beautiful 
red colour. The watery solution of this matter loses 
its red colour in a few hours, and it cannot afterwards 
be restored §. 

When the solution of uric in nitric acid is boiled, a 
quantity of azotic gas, carbonic acid gas, and of prus- 
sic acid, is disengaged ||. Dr Pearson, by repeated dis- 
tillations, converted the residue into nitrate of ammonia. 

When oxymuriatic acid gas is made to pass into water 


* Henry. f Scheele, Fourcroy, and Henry, 

t Kemy. § Scheele, Bergman, Pearson, and Henry*, 

ij Fourcroy, Ann* ds Chim . xivii, 267. 
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D'v'donll conta * n * n £ acid suspended in it, the acid assumes a 
v— v— ^ gelatinous appearance, then dissolves ; carbonic acid 
gas is emitted, and the solution yields by evaporation 
muriate of ammonia, superoxalate of ammonia, muriatic 
acid, and malic acid *. 

6* It combines with the different bases, and forms a 
genus of salts called urates $ for the examination of 
which we are chiefly indebted to Dr Henry. 

7. When uric acid is distilled, about a fourth of the 
acid passes over altered in its properties, and is found in 
the receiver crystallized in plates ; a few drops of thick 
oil make their appearance ; f th of the acid of concrete 
carbonate of ammonia, some prussiate of ammonia, 
some water, and carbonic acid pass over ; and there 
i remains in the retort charcoal, amounting to about -g-th 

of the weight of the acid distilled f. According to Dr 
Henry, the decomposition goes on in the following 
manner : 1. A drop or two of water holding carbonate 
of ammonia in solution passes into the receiver; 2. 
Dry carbonate of ammonia ; 3 . The acid sublimate ; 
4. The coal in the retort -amounts to about yth of the 
calculus distilled. 

Sublimate The nature of the acid sublimate has been particular- 
aci<i. ly examined by Dr William Henry. Scheele had con- 
sidered it as analogous to succinic acid, and Dr Pear- 
soft as approaching to benzoic acid in its properties. 
According to Dr Henry, it is a salt composed of°a^- 
culiar acid combined with ammonia. The following 
he found to be its properties. 


* ^rugnatelli, Ann. dc Cbm . xxvii. 267, Tourcroy, x. %%%» 
f Fourcroy, Ann. ds Chlm. xvi. Il6, 
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Its colour is yellow, and it has a cooling hitter taste. Chap.lL 
It dissolves readily in water, and in alkaline solutions, 
from which it is not precipitated by acids. It dissolves 
also sparingly in alcohol. It is volatile ; and when 
sublimed a second time, becomes much whiter. The 
watery solution reddens vegetable blues ; but a very 
small addition of ammonia destroys this property. It 
does not produce an effervescence with alkaline carbon- 
ates. By evaporation it yields permanent crystals, but 
ill defined, from a portion of animal matter adhering. 

They redden vegetable blues. Potash, when added to 
these crystals, disengages ammonia. When dissolved 
in nitric acid they do not leave a red stain, as happens 
with uric acid ; nor does their solution in water decom- 
pose the earthy salts, as happens with the alkaline 
urates : neither has it any action on the salts of copper, 
iron, gold, platinum, tin, or mercury. With nitrates 
of silver and mercury, and acetate of lead, it forms a 
white precipitate soluble in an excess of nitric acid. 

Muriatic acid occasions no precipitate in the solution 
of these crystals in water. These properties show us, 

•that the acid of the sublimate is different from the uric, 
and from every other known acid. Dr Austin found, 
that by repeated distillations it was resolved into am- 
monia, azote, and prussic acid. Hence its constituents 
are doubtless the same as those of uric acid, varying 
only in proportion. 
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Division it. 

SECT. XIV. 

OF LACCIC ACID. 

History. About tlief year 1786, Dr Anderson of Madras meriw 
tioned, in a letter to the governor and council of that 
place, that nests of insects* resembling small cowry 
shells, had been brought to him from the woods by the 
natives, who eat them with avidity* These supposed 
nests he soon afterwards discovered to be the coverings 
of the females of an undescribed species of coccus, 
which he shortly found means to propagate with great 
facility on several of the trees and shrubs growing in 
his neighbourhood *. 

On examining this substance, which he called white 
lac , he observed in it a~ very considerable resemblance 
to bees wax ; he noticed also, that the animal which 
secretes it provides itself by some means or other with 
a small quantity of honey, resembling that produced by 
our bees; and in one of his letters he complains, that 
the children whom he employed to gather it were tempt- 
ed by its sweetness to eat so much of it as materially to 
reduce the product of his crop. Small quantities of 
this matter were sent into Europe in 1789, both in its 


♦ The Chinese collect a kind of wax, which they call peJa t from a 
coccus, deposited for the purpose of "breeding on several shrubs, and 
manage it exactly as the Mexicans manage the cochineal insect. It was 
the knowledge of this that induced Dr Anderson to attempt to propa- 
gate his insect. 
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natural state and melted into cakes $ and In 1793 Dr t Chap'. IT °^ 
Pearson, at the request of Sir Joseph Banks, undertook 
a chemical examination of its qualities, and his experi- 
ments were published in the Philosophical Transactions 
for 1794. 

A piece of white lac, from 3 to 15 grains in weight,* 
is probably produced by each insect. These pieces are 
of a grey colour* opaque* rough* and roundish. When 
white lac was purified by being strained through mus- 
lin, it was of a brown colour* brittle, hard, and had a 
bitterish taste. It melted in alcohol, and in water of 
the temperature of 145 °i In many of its properties it 
resembles bees wax* though it differs in others ; and 
Dr Pearson supposes that both substances are composed 
of the same ingredients, but in different proportions. 

3. Two thousand grains of white lac were expbsed in Properties* 
such a degree of heat as was just sufficient to melt 
them. As they grew soft and fluid, there oozed out 
550 grains of a reddish watery liquid* which smelled 
like newly baken bread *. To this liquid Dr Pearson 
has given the name of of laccic acid \ . 

2* It possesses the following properties : 

It turns paper stained with turn sol to a red colour. 

After being filtered, it has a slightly saltish taste with 
bitterness, but is not at all sour* 

When heated, it smells precisely like newly baken hot 
bread. 


* The same liquid appears on pressing the crude lac between the 
fingers; arid we are told that when newly- gathered it is replete with 
juice. 

f rearson’s *71 rami, of the Chemical Nomenclature* 
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On standing, it grows somewhat turbid, and deposits 
a small quantity of sediment. 

Its specific gravity at' the temperature of 60° is 


1-025 


A little of it having being evaporated till it grew very 
turbid, afforded on standing small needle-shaped crys- 
tals in mucrlag : nous matter. 

Two hundred and fifty grains of it were poured into 
a vesy small retort and distilled. As the liquor grew 
warm, mucilage- like douds appeared ; but as the heat 
increased they disappeared again. At the temperature of 
200° the liquor distilled over very fast f a 1 small quantity 
©f extractive matter remained behind. The distilled li- 
quor while hot smelledlike newly bafeen bread, and was 
perfectly transparent and yellowish./ A shred of paper 
stained with turnsol, which had been put into the re- 
ceiver, was not reddened ; nor did another which had 
been immersed in a solution of sulphate of iron,, and also 
placed in the receiver, turn to a blue colour upon being 
moistened with the solution of potash *. 

About TOt) grains of this distilled liquid being eva- 
porated ti]?l it grew turbid* after being set by for x 
night, afforded aeicular crystals, which under a lens ap- 
peared in a group not unlike the umbel of parsley* The 
whole of them did not amount to the quarter of a' grain* 
They tasted only bitterish. 

Another 100 grains being evaporated to dryness in 
a Very low temperature, a blackish matter was left be-- 
hind, which did not entirely disappear on heating the 
Spoon containing, it very hot in the naked fire ; but cm 


® A proof that the acid was not the prnsdc* 
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heating oxalic acid to a much less degree, it evaporated, t Chap . IL 
and left not a trace behind * 

Carbonate of lime dissolved in this distilled liquid with 
effervescence. The solution tasted bitterish, did no| 
turn paper stained with turn sol red, and on adding to 
it carbonate of potash a copioiis precipitation ensued. A 
little of this solution of lime and of alkali being eva- 
porated to dryness* and the residuum made red hot, no- 
thing remained bat carbonate of lime and carbonate of 
potashi 

This liquid did not render nitrate of lime tixrbid, but 
it produced tiirbidness in nitrate and muriate of barytes,; 

To 500 grains of the reddish-coloured liquor obtain- 
ed by melting white lac, carbonate of soda was added till 
the effervescence ceased, and the mixture was neutra- 
lized ; for which purpose three grains of the carbonate 
were necessary i During this combination a quantity 
of mucilaginous matter, with a little carbonate of lime, 
was precipitated. The saturated solution being filtra- 
ted and evaporated to the due degree, afforded on stand- 
ing deliquescent crystals* which on exposure to fife left 
only a residuum of carbonate of soda. 

Lime-water being added to this reddish^colotired li- 
quor, produced alight purple turbid appearance; and oU 
standing there were clouds just perceptible. 

Sulphuret of lime occasioned a white precipitation^ 
but no sulphnr.eted hydrogen gas was perceptible by the 
smell. 

Tincture of galls produced a green precipitation. 

Sulphate of iron produced a purplish colour, but no 
precipitation ; nor was any precipitate formed by the 
addition first of a little vinegar, and then of a little pol- 
ish to the mixture. 




COMBUSTIBLE ACIDS. 


B®ok IL Acetate of lead occasioned a reddish precipitation * 

Division I i. . 

which ^dissolved on adding a little nitric acid. 

Nitrate of mercury produced a whitish turbid li~ 
qtior. 

Oxalic acid produced immediately the precipitation of 
white acicular crystals* owing probably to the presence 
of a little lime in the liquid. 

Tartrate of potash produced a precipitation not unlike 
tvhat takes place on adding tartaric acid to tartrate of 
potash ; but it did not dissolve again on adding potash. 

Such were the properties of this acid discovered by 
Dr Pearson *. Before this acid can be admitted as 3 
peculiar substance* it would be necessary to subject it 
to a more rigid examination. The quantity which Ds 
Pearson examined was by far too small to enable hi® 
to obtain satisfactory results. 


SECT. XV. 

OF MALIG ACID. 


Prepara- 

tion. 


1. Tills acid, which was discovered! by Scheele if! 

has received the name of malic acid , because it 
may be obtained in abundance from the juice of apples, 
in which it exists ready formed. Seheele has gilren us 
the following process for extracting it : Saturate the 
juice of apples with potash, and add to the solution ace* 


* PbiL Trans, 1 794, p. 383. 
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ta te of lead till ho more precipitation ensues.. Wash 
the precipitate carefully with a sufficient quantify of 
water; then pour upon it diluted sulphuric acid till the 
mixture has a perfectly acid taste, without any of that 
sweetness which is perceptible as long as any lead re- 
mains dissolved in it ; then separate the sulphate o£ 
lead, which has precipitated, by filtration, and there re- 
mains behind pure malic acid 

Vauquelin has lately ascertained that it may be ex- 
tracted, with greater advantage, from the juice of the 
semperm^itm tectorum , or common house-leek, where it 
exists abundantly combined with lime. The process 
which ne found to answer best is the following : To 
the juice of the house-leek add acetate of lime as long 
as any precipitate takes place. Wash the precipitate, 
and decompose it by means of diluted sulphuric acid in 
the manner directed by Scheele f . 

Malic acid may be formed also by the action of ni- 
tric acid on sugar. If nitric acid be distilled with an 
equal quantity of sugar, till the mixture assumes a 
brown colour (which is a sign that all the nitric acid 
has been extracted from it), this substance will be found 
of an acid taste; and after all the oxalic acid which may 
have been formed is separated by lime-water, there re- 
mains another acid, which may be obtained by the fol- 
lowing process : Saturate it with lime, and filter the 
solution ; then pour upon it a quantity of alcohdl, ahd 
a coagulation takes place. This coagulum is the acid 
combined with lime. Separate it by filtration, and edul- 



# Sivedish Trims, and CrelPs Jl inals for 1785. 
f Ann. de xxxiv. 12 7. 
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Book If. cerate it with fresh alcohol 5 then dissolve it in distilled 
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j— - | T i water, and pour 111 acetate or lead till no more precipi- 
tation ensues* The precipitate is the acid combined 
with lead, from which it may be separated by diluted 
sulphuric acid *. 

Bouillon La Grange has lately endeavoured to prove, 
that this acid is nothing else than the acetic combined 
with a peculiar vegetable matter. He has shown that 
acetic acid exists in the juice of apples, and thinks he 
has proved that nitric acid forms with sugar a peculiar 
extractive stuff which exists, also in apples +. But his 
observations do not appear to me to prove the coincL 
dence between acetic and malic acids, as they possess 
properties so very different from each other, 
properties. 2. Malic acid, thus obtained, is a liquid of a reddish 
brown colour and a very acid taste. When evapora- 
ted it becomes thick and viscid like a mucilage or sy- 
rup, but it does not crystallize. When exposed to a dry 
atmosphere in thin layers, it dries, altogether, and as- 
sumes the appearance of varnish. 

When heated in the open fire it becomes black, swells 
up, exhales, an acrid fume, and leaves behind it a very 
voluminous coal. When distilled, the products are an 
acid water, a little carbureted hydrogen gas, and a large 
proportion of carbonic acid 

3 . It is very soluble in water. It gradually decom- 
poses spontaneously, by undergoing a kind of fermenta- 
tion in the vessels in which it is kept. 

4 . Sulphuric acid chars it, and nitric acid converts h 


f Swedish Tr<ms. and Cr ell’s Annals for 1785. 
f Gehlen’s /oar. 2rd Seres, ii. 173. | Fourcroy, vii. 199* 
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into *oxdic acid *• Hence it is evident that it is com* 
posed of oxygen, hydrogen, and carb n, though the 
proportions of these substances have not been ascer* 
tained. 

Malic acid combines with alkalies, earths, and me- 
tallic oxides, and forms salts known by the name of 
malates . 

This acid bears a strong resemblance to the citric, 
but differs from it in the following particulars : 

1. The citric acid shoots into fine crystals, but this 
acid does not crystallize, 

2* The salt formed from the citric acid with lime is 
almost insoluble in boiling watery whereas the salt 
made with malic acid and the same basis is readily so- 
luble by boiling water, 

3, Malic acid piecipitates mercury, lead, and silver, 
from the nitrous acid, and also the solution of gold when 
•diluted with water ; whereas citric acid does not alter 
any of these solutions* 

4* Malic acid seems to have a less affinity than citric 
acid for lime-; for when a solution of lime in the for- 
mer acid is boiled one minute with a salt formed from 
volatile alkali and citric acid, a decomposition takes 
place, and the latter acid combines with the lime and is 
precipitated* 


# Scheele and Hermbstadfc* 
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SECT. XVI. 


OJ SUBERIC ACID. 


Prepara- 

tion. 


C/ork, a substance too well known to require any de- 
scription, is the bark of a tree which bears the same 
name. By means of nitric acid, Brugnatelli converted 
it into an acid *, which has been called the suberic acid 9 
from subtr , the Latin name of the cork tree. Several 
chemists affirmed that this acid was the oxalic, because 
it possesses several properties in common with it. These 
assertions induced Bouillon La Grange to undertake a 
set of experiments on suberic acid. These experiments, 
which have been published in the 23d volume of the 
Annales de Chimie , > completely establish the peculiar na- 
ture of suberic acid, by showing that it possesses pro- 
perties different from those of any other acid. 

X. Suberic acid may be formed by pouring six parts 
of nitric acid of the specific gravity 1*261 on one part 
cork grated down, or simply broken down into small 
pieces, and distilling the mixture with a gentle beat as 
long as red vapours continue to escape. As the distil- 
lation advances, a yellow matter like wax makes its ap- 
pearance on the surface of the liquid. While the mat- 
ter contained in the retort is hot, it is to be poured into 
a glass vessel, placed upon a sand r bath over a gentle 
fire, and constantly stirred with a glass rod. By this 


¥ Crell’s Annals } 3787. 
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means it becomes gradually thick. As soon as white Cha p. II, ^ 
vapours* exciting a tickling in the throat, begin to 
disengage themselves, the vessel is removed from the 
bath, and the mass continually stirred till it is almost 
cold. 

By this means an orange-coloured mass is obtained 
of the consistence of honey, of a strong and sharp odour 
while hot, but having a peculiar aromatic smell when 
cold. 

On this mass twice its weight of boiling water is to 
be poured, and heat applied till it becomes liquid ; and 
then that part of it which is insoluble in water is to be 
separated by filtration. The filtered liquor becomes 
muddy ; on cooling it deposits a powdery sediment, 
and a thin pellicle forms on its surface. The sediment 
is to be separated by filtration, and the liquor reduced 
to a dry mass by evaporating in a gentle heat. This 
mass is suberic acid . It is still a little coloured, owing 
to some accidental mixture, from which it may be pu- 
rified either by saturating it with potash and precipita- 
ting it by means of an acid, or by boiling it along with 
charcoal powder. 

2. Suberic acid thus obtained is not crystallizable, Properties*- 
but when precipitated from potash by an acid it as- 

sumes the form of a powder ; when obtained by evapo- 
ration it forms thin irregular pellicles. 

3. Its taste is acid and slightly bitter; and when dis- 
solved in a small quantity of boiling water it acts upon 
the throat, and excites coughing. 

It reddens vegetable blues ; and when dropt into 
a solution of indigo in sulphuric acid ( liquid blue, as it 
is called in this country), it changes the colour of the 
solution, and renders it green. 
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Boot n. 4. Water at the temperatuff of 60° or even 70° dis^ 
T ?- solves only T *-.-y part of its weight of suberic acid ; and 
if the acid be very pure, only part : boiling wa« 

ter, on the contrary, dissolves half its weight of it. 

When exposed to the air, it attracts moisture, espe^ 
cially if it be impure* 

5. When exposed to the light of day, it becomes at ' 
last brown ; and this effect is produced much sooner by- 
Che direct rays of the sun* 

When heated in a matrass, the acid sublimes, and the 
inside of the glass is surround' d with zones of -different 
colours. If the sublimation be stopt at the proper 
time, the acid is obtained on the sides of the vessel in 
small points formed of concentric circles* When ex- 
posed to the heat of the blow- pipe on a spoon of pjati- 
torn, it first melts, then becomes pulverulent, and at 
last sublimes entirely with a smell resembling that of 
distilled oil* 

It is not altered by oxygen gas: — the other acids do 
not dissolve n completely. Alcohol developes au aio. 
malic odour, and an ether may be obtained by means of 
this acid. 

It converts the blue colour of nitrate of copper to a 
green; the sulphate of copper aho to a green ; green 
sulphate of iron to a deep j eiiow ; and sulphate ot ziuc 
to a golden yellow* 

It has no action either on platinum, gold, or nickel 5 
but it oxidizes silver, mercury, copper, lead, tin, non, 
bismuth, arsenic, cobalt, zinc, antimos-y, manganese, 
and molybdenum. 

$* With alkalies, earths, and metallic ^x'des, it forms 
compounds known by the name of sitieraies* 
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SECT. XVII. 



OF FORMIC ACID. 

This acid is first mentioned in the Philosophical Htorjv 
Transactions for 1671, in a paper by Mr Ray, giving 
£n account of the observations of Mr Halse, and the ex- 
periments of Mr Fisher, on the acid juice which is spon- 
taneously given out by ants, and which they yield when 
distilled *. Mr Fisher compares this liquor with vine- 
gar, but points out some differences between them® 

Scarcely any addition was made to these facts tili Mar- 
grafF published a dissertation on the subject in the Ber- 
lin Memoirs for 1749, m which he describes the me- 
thod of obtaining the formic acid from the formica ru - 
fa , or red ant 7 and points out its properties with his 
usual precision and method f . A new dissertation was 
published on the same subject by Messrs Arvidson and 
Oehrn in 1782, in which the discoveries of Margraff 
were confirmed, and many new particulars added® 
Hermbstadt’s paper on the same subject appeared in 
Creli’s Annals for 1784. His researches were directed 
chiefly to the purification of the formic acid. He de- 
monstrated that the juice of ants contained several fo- 
reign bodies, and among others, that a portion of malic 
acid might be detected in it, Richter published expe- 
riments on. formic acid about the year 1793, pointing 


% Phil. Trans . Y. 2063. 


j Margraff’s Ojiusc* i. 2 $l- 
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out a method of procuring it in a very concentrated 
state Deyeux soon after examined it, and found it 
anaiagous to the acetic acid f. This opinion of the 
French chemist was confirmed in 1802 by Fourcroy and 
Vauquelin who published a dissertation on ants, and 
concluded from their experiments, that the formic acid 
is nothing else than a mixture of the acetic and malic 
acids The opinion maintained by these celebrated 
philosophers induced Stiersen to examine the subject by 
experiment. This chemist, in an elaborate dissertation 
on formic acid, published in 1805 shows that most of 
Ifie facts pointed out by Fourcroy and Vauquelin had 
“been already ascertained by preceding chemists ; that 
the experiments which they detail were not sufficient to 
warrant their conclusions; that formic acid whei, pro- 
perly prepared contains no malic acid ; and that it pos- 
sesses properties diffetent from the acetic. These con- 
clusions have been farther confirmed by the experiments 
of Gehleri || . 

The simplest method of procuring formic acid in a 
state of purity is that of Margraff as corrected by Rich- 
ter. Suersen accordingly had recoin se to it. This me- 
thod is as follows: Infuse any quantity of ants i». a- 
bout thrice their weight or water, put the mixture into 
a silver or tin coppered still, and draw off the water 
by distillation as long as it continues tocc-me over with* 
out any burnt smell: for the distillation must be stop- 


* Gehlen, iv- 7. 

. f Fourcroy, x. 49 j, Eng, trans. I have ra seen cither the djsserta* 
tiori of Richter or Deyeux. 
fP/u.. M/cr.XV 1,8. 

{] 4««» dc Cbm. is. ;8 t 


§ Gehlcu’s Jour . iv. 1, 
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ped as soon as that smell begins to be perceived. Satu- t Chap . IT. 
rate the water in the receiver with carbonate of potash, and 
evaporate to dryness. Mix the white mass thus ob- 
tained with as much sulphuric acid, previously diluted 
with its'" weight of water, as is sufficient to saturate the 
potash. -Introduce the mixture into a retort, and distil 
slowly to dryness. The liquid which comes over into 
the receiver is to be again rectified by a very moderate 
heat, to get rid of any portion of sulphuric acid that 
may be present. It is now pure formic acid . 

Formic acid thus procured is colourless like water* Properties* 
It cannot contain malic acid, because that acid cannot be 
distilled over along with water. 

Its smell is peculiar, and very different from that of a- 
cetic acid. Its taste is acid. It reddens vegetable blues. 

Its specific gravity varies from 1‘102 to 1*113 j 
Whereas the most concentrated acetic acid is only l*OSO. 

It does not appear susceptible of being brought to the 
state of crystals j at least Lowitz attempted in vain to 
exhibit it in that state, though he succeeded readily with 
acetic acid. 

Notwithstanding its greater specific gravity, it is ca- 
pable of neutralizing much less of alkaline bodies than 
acetic acid, as appears from the following trials of 
Suersen. He reduced formic and acetic acids, each to 
the specific gravity 1*052 5, and ascertained how much 
carbonate of potash, carbonate of lime, and carbonate of 
magnesia, the same weight of each of these liquids was 
capable of neutralizing. The result may be seen in the 
following little Table. 

Formic Acid. Acetic Add. 

Potash 336*8 465*1 

Lime 166 231 

Magnesia 150 ♦ * .. .*213 
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Such are the differences between the formic and acetic 
acids pointed out by Suerson. In other respects there 
appears to be a striking analogy between the two acids* 

Both of them form soluble compounds with all the 
alkalies and alkaline earths* They precipitate no me- 
tal from its solution, and of course form likewise so- 
luble compounds with all the metallic oxides; but there 
is one striking difference pointed out long ago by Mr 
Fisher, which has not been noticed by any modern che- 
mist. It is this : Acetate, of lead when distilled yields 
no acid liquor whatever ; but formic acid may be ob- 
tained from formate of lead precisely as acetic acid is 
procured from acetate of copper. 

Upon the whole, though the experiments of the Ger- 
man chemists are sufficient to separate the formic and 
acetic acids, their analogy in other respects is so great, 
that farther researches are still requisite to elucidate the 
subject: Above all, an examination of the salts which 
the formic acid forms with the different bases ought to 
be undertaken, in order to ascertain whether formic 
add may not be a combination of acetic acid with some 
unknown body. Gehlen indeed affirms that the form- 
ates differ from the acetates, and instances the formate 
of copper, which he says is a blue salt crystallizing it 
cubes* 
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account of all the acids at present known, except five ; 
which for obvious reasons have been referred to other 
parts of this Work, The first three of these will be 
described in the following Chapter, The other two, 
namely, the rosacic and amniotic , are never employed 
as instruments of analysis. Their acid characters are 
amb ; gaous, and their properties have been but imper- 
fectly investigated. It appeared better, therefore, to re- 
serve them till we came to treat of those animal sub- 
stances in which they are found, 

2. Several acids usual ly described by chemists will 
not be found in the preceding Sections, because their 
peculiar nature has been destroyed by the more precise 
investigation of modern analysis. The most remark- 
able of these acids are the five following. 

L Lactic Acid, 

When milk is kept for some time it turns sour. 
Scheele examined the acid thus evolved, and gave it the 
name of lactic acid . He directs the following method 
of procuring it. 

Evaporate a quantity of sour whey to an eighth 
part, and then filtrate ' it : this separates the cheesy 
part. Saturate the liquid with lime-water, and the 
phosphate of lime precipitates. Filtrate again, and 
dilute the liquid with three times its own bulk of wa- 
ter 5 then let fall into it oxalic acid, drop by drop, to 
precipitate the lime which it has dissolved from the 
lime-water ; then add a very small quantity of lime-* 
water, to see whether too much oxalic acid has been 
added. If there has, oxalate of lime immediately pre- 
cipitates* Evaporate.. the solution to the consistence of 


Chap. H. 
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honey, pour in a sufficient quantity of alcohol, and ft!* 
trate again ; the acid passes through dissolved in the aU 
cohol, but the sugar of milk and every other substance 
remains behind. Add to the solution a small quantity 
of water, and distil with a small heat $ the alcohol pass- 
es over and leaves behind the lactic acid dissolved in 
water 

From the properties of the acid procured by this 
process, Scheele concluded that it was very anal agous 
to the acetic, but that it wanted something to bring it 

that state. He even pointed out a method of pro- 
curing vinegar from milk in considerable quantity, 
and ascertained that it always yielded a little when 
distilled f . 

From the recent experiments of Bouillon La Grange, 
we learn that the lactic acid is not a peculiar acid, but 
a mixture of the following substances : 1. Acetic acid j 
2. Muriate of potash 5 3. A little iron ; and 4® An ani* 
mal matter 


II. Zoonic Acid. 


When animal substances and those vegetable princi- 
ples which possess similar properties are distilled, the 
product contains an acid liquid, which Berthollet con- 
sidered as peculiar, and called xoonic acid. 

To obtain it, he mixed lime with the distilled liquid, 
evaporated nearly to dryness, then diluted and filtered® 


• Scheele, Stockholm Trans . I^So. 
% Ann, ds Chism La 88. 


f Schetle, ii, <66- 
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Phosphoric acid was then added, and the mixture dis- 
tilled i The receiver contained the zoonic acid *. 

From the more recent experiments of Thenard, we 
learn that this supposed acid is no other than the ace- 
tic, holding in solution a peculiar animal matter resem- 
bling oil f * 


III. Ptromucous Acid. 

When sugar and other sweet-tasted substances are 
distilled, among other products there is always a nota- 
ble quantity of an acid liquid. This acid, when recti- 
fied, obtained the names of syrupous acid, and afterwards 
pyromucous acid. It is now known from the recent ex- 
periments of Fourcroy and Vauquelin, that this acid is 
nothing else than the acetic, holding in solution a por- 
tion of empyreumatic oil f. 

IV. & V. Pyrolignous and Pyrotartarous AcrDS. 

When wood is distilled in close vessels* it always 
yields more or less of an acid juice : the same remark 
applies to the salt called tartar . These liquids were 
distinguished by the name of pyrolignous and pyrotarta - 
rous acids : but they are now known to be only the ace- 
tic disguised by the presence of a peculiar oil It is 
proper to observe, however, that Gehlen has lately 
affirmed that the last of these acids is quite different 


* Ann. de Cbim. xxv i. 86. f thid. xliii 176. 

} 3 bi. J . xxxv. 131 

§ Fourcroy and Vauquelin, Ann.de, Cbim. xuv. 231. 

VoL IL Z 
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from tke acetic. When cream of tartar is distilled* it 
yields an acid liquor, which, by proper concentration, 
deposites brownish crystals constituting an acid which 
cannot be acetic, and which differs equally from the tar- 
taric*. • 


3. The acids at present known, not reckoning those 
which remain to be described, amount to 34 - Of these, 
one, the muriatic, possesses the characters of a simple 
substance ; seven are products of combustion, and 
nine supporters of combustion. The remaining 17 
are combustible. Oxygen is essential to the acidity 
of the products and supporters. The combustible acids 
almost all contain it 5 but it cannot be shown to be es* 
sential to their acidity. It has been usual with che- 
mists to divide the combustible acids into vegetable and 
animal, because most of them are obtained from the 
vegetable and animal kingdoms^ Several of the other 
acids have been denominated mineral for a similar rea- 
son. 

4 . Let us take a general view of all the acids, in or- 
der to ascertain in what degree each of them possesses 
those properties which are usually considered as cha- 
racterising acid bodies. These properties are, 1. An 
acid taste 5 2. The power of converting vegetable blues 
into red ; 3 . Solubility in water 5 4. The property of 
forming salts. 

Taste of the All the acids have a sour taste, except the oxymuria - 

tic 9 the tungstic, the columbic, and the uric. In several 
the acidity is mixed, and even almost concealed, by some 
other more powerful taste. But this will be best under- 
stood by inspecting the following Table. 


* Ann - de Cbim . lx. 79. 
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Acids. 

Taste. 

Acids. 

Taste. 

Tunstic 

Columbic 

Uric 

None 

Sulphuric 

Phosphoric 

Phosphorous 

Nitric 

Muriatic 

Fluoric 

Acetic 

Oxalic 

Tartaric 

Citric 

Kinic 

Malic 

Acid, strong 

Benzoic 

Hot, acrid 

Oxymuriatic 

Astringent 

Succinic 

Moroxylic 

Acid, as- 
tringent 

Arsenic 

Molybdic 

Chromic 

Acid, me- 
tallic 

Carbonic 

Mellitic 

Sebacic 

Saclactic 

Formic 

Acid, weak 

Boracic 

Camphoric 

Suberic 

Acid, bitter 

Sulphurous 

Acid,sulph, 


5. All the acids are destitute of smell excepting the 
following : 


Acids. 

Smell. 

Sulphurous 

Sulphureous 

Phosphorous 

Phosphureted hydrogen 

Muriatic. 


Fluoric 

Muriatic acid 

Oxymuriatic 

Aqua regia j 

Hyperoxymuriatic 

Nitrous gas 


Chap. IF. 
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Acids. 

Smell. 

Nitric 


Acetic 

Vinegar 

Succinic * 

Distilled nutgalls 

Camphoric 

Saffron 

Benzoic * 
Moroxylic 

Benzoin 


Carbonic acid, though a gas, has no smell whatever. 
Action on 6. All the acids convert vegetable blues to red j but 
blues,^ they differ exceedingly in the extent to which they pos- 
sess this property. The greater number convert al- 
most all vegetable blues (except indigo) to red ; while 
some, the carbonic, for instance, only act upon the most 
delicate, as the tincture of turnsoL The cause of this 
change of colour has not been ascertained. In many 
cases it seems to be in consequence of the saturation of 
an alkaline or earthy substance which was previously 
combined with the colouring matter. This is the case 
evidently with respect to litmus. If this held always, 
the conversion of vegetable blues into red would be 
merely in consequence of the affinities between acids and 
alkaline bodies, and of the superior affinity which they 
have for them. 

Solubility in 7 . All the acids are soluble in water ; but in this re- 

spect also they differ exceedingly from each other. Two 
of them are so soluble in water, that they have never 


* Fn these two the odour is accidental, and, owing to an oil- 
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teen obtained except in combination with that liquid. t c k a P‘ JI - 
These are, 

1. Sulphuric, 

2. Nitric. 

The rest may be obtained either in the state of gas, or 
in a solid or crystallized form. Six of them are 
gases, which are readily absorbed by water to a certain 
amount ; after which the water being saturated, refuses 
to absorb any more. The weight of each absorbed by 
100 parts of water may be seen in the following Table. 


1. Muriatic 5 4" 8 

2. Sulphurous.....,® .. 9*15 

3. Carbonic 0*18 

4. Oxy muriatic,., unknown 

5. Hyperoxymuriatic* unknown 

6. Fluoric unknown 


I Very soluble, proportion 
^ not determined. 


The weight of the remaining acids, when solid or 
crystallized, soluble in 100 parts of water, is exhibited 
in the following Table. 

Phosphoric 
Phosphorous 
Acetic 
Tartaric 
Malic 

Arsenic 152 parts 

Citric 133 

Oxalic. 50 

Boracic 1*6 

Saclactic 1*0 

Succinic 1*0 

Suberic 0*7 

Camphoric. 0*5 
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Composi- 

tion. 


Benzoic. ...... 0*2 

Molybdic . 0*1 


All the acids are more or less soluble in alcohol, ex- 
cept phosphoric acid and the metallic acids. The sul- 
phuric, nitric, and oxymuriatic, as we shall see after- 
wards, have the property of decomposing alcohol. 

8. All the acids are capable of combining with alka- 
lies, earths, and metallic oxides, and of forming with 
them compounds known by the name of salts- No 
substance which wants this property ought to be con-, 
sidered as an acid. 

9. The two first classes of acids, as far as is known 
at present, are more simple than the third ; as the acids 
belonging to them contain only two ingredients each, 
whereas the combustible acids contain three or even 
four constituent parts. These last are composed chiefly 
of oxygen, hydrogen, and carbon. Hence the rea- 
son that several of them may be converted into others 
by the action of nitric acid. This acid alters the pro- 
portion of their ingredients, either by abstracting part 
of their carbon and hydrogen, or by communicating 
oxygen, or by both together. But it is impossible to 
explain precisely what these changes actually amount 
to, without being acquainted with the component parts 
of every combustible acid, the manner in which these 
component parts are combined, and the affinities which 
exist between each of them. - This, however, is very 
far from being the case at present. Though a vast num- 
ber of experiments have been made on purpose to throw 
light on this very point, the difficulties which were to 
be encountered have been so great, that no accurate re- 
sults have yet been obtained. All that is known at 
present is an approximation towards the component 
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parts of three acids. This may be seen in the follow- t Chap."Uj 
ing Table. 


Acids. 

Oxygen. 

Carbon. 

Hydrogen. 

Acetic 

50-19 

35*87 

11*94 

Oxalic 

64 

32 

4 

Tartaric 

70-5 

18 

10*5 


It was some time ago supposed by chemists, tha each 
of these acids was composed of a peculiar compound 
base or radical, combined with oxygen. The radical 
was supposed to be a combination of carbon and hydro- 
gen ; but no proof whatever has been given of the 
truth of this opinion, nor has the smallest evidence been 
produced that any such radicals exist. It is much more 
probable that all the ingredients of the acids are com- 
bined together, and constitute a triple combination# 
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tion. 


Benzole 0*2 

Molybdic 0*1 


All the acids are more or less soluble in alcohol, ex* 
cept phosphoric acid and the metallic acids. The sul- 
phuric, nitric, and oxy muriatic, as we shall see after- 
wards, have the property of decomposing alcohol. 

8. All the acids are capable of combining with alka- 
lies, earths, and metallic oxides, and of forming with 
them compounds known by the name of salts. No 
substance which wants this property ought to be con* 
sidered as an acid. 

9. The two first classes of acids, as far as is known 
a Ai present, are more simple than the third ; as the acids 
belonging to them contain only two ingredients each, 
whereas the combustible acids contain three or even 
four constituent parts. These last are composed chiefly 
of oxygen, hydrogen, and carbon. Hence the rea- 
son that several of them may be converted into others 
by the action of nitric acid. This acid alters the pro- 
portion of their ingredients, either by abstracting part 
of their carbon and hydrogen, or by communicating 
oxygen, or by both together. But it is impossible to 
explain precisely what these changes actually amount 
to, without being acquainted with the component parts 
of every combustible acid, the manner in which these 
component parts are combined, and the affinities which 
exist between each of them, ■ This, however, is very 
far from being the case present. Though a vast num- 
ber of experiments have been made on purpose to throw 
light on this very point, the difficulties which were to 
be encountered have been so great, that no accurate re- 
sults have yet been obtained. All that is known at 
present is an approximation towards the component 
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This may be seen in the follow- 


Chap. II«j 


Acids. 

Oxygen. 

Carbon. 

Hydrogen. 

Acetic 

scis 

35-87 

1V94 

Oxalic 

64 

32 

4 

Tartaric 

70-5 

18 

10-5 


It was some time ago supposed by chemists, tha each 
of these acids was composed of a peculiar compound 
base or radical, combined with oxygen* The radical 
was supposed to be a combination of carbon and hydro- 
gen ; but no proof whatever has been given of the 
truth of this opinion, nor has the smallest evidence been 
produced that any such radicals exist. It is much more 
probable that all the ingredients of the acids are com- 
bined together, and constitute a triple combination. 
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CHAP. IIL 

OF COLORIFIC ACIDS, 


U nder the name of colorific acids (till some more ap- 
propriate appellation occur), I include three substances* 
which possess such analogous properties that they 
ought to be classed.together. ; As chemical bodies, they 
are all applied to nearly the same purposes ; namely, 
to detect the presence of metallic bodies, and to separate 
them from other substances. They act with great energy 
upon the metallic solutions, and at the same time preci- 
pitate them in powders remarkable for the intensity 
and variety of their colours. It was this circumstance 
that induced me to apply to them the epithet colorific . 

Two of these bodies, namely , prussic and gallic acids, 
have been long considered as acids by chemists; though 
the second does not seem capable of neutralizing alka- 
lies, and therefore is scarcely entitled to the name. A 
third of them, sulphur etcd hydrogen , has been shown by 
Berthollet to act as an acid ; but the compounds which 
it forms with alkalies are only transient. Its import- 
ance depends upon the energy with which it acts 
upon metallic bodies. Along with these three acids I 
class a fourth substance, tannin , which, though not 
an acid, is applied to the same purposes as the other 
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three. Indeed it would be difficult to assign any reason f Ohap . in. 
for giving the title of acid to gallic acid, which would I ^ a *' v 
exclude tannin. Upon the whole, perhaps, it would be 
better to distinguish these bodies altogether from the 
acids, and to assign them a peculiar name of their own* 

In describing them, it may be proper to begin with the 
body in which the acid characters are best marked, and 
to terminate with that in which they can no longer be 
perceived. With this view they may be arranged in 
the following order : 

1. Sulphureted hydrogen 

2. Prussic acid 

3 . Gallic acid 

4 . Tannin. 

These bodies may be distinguished by the following 
characters : 

1. They unite with alkaline bodies, but are all inca- 
pable of neutralizing them except the first $ and the 
compound which it forms cannot be exposed to the air 
without decomposition. 

2. They act with great energy upon metallic solu- 
tions, usually entering into combination with the oxide, 
and precipitating it in the state of an insoluble powder. 

3. They have a tendency to enter into triple com- 
pounds with a variety of bodies, especially metallic ox- 
ides and alkalies ; except the sulphureted hydrogen, 
which is commonly decomposed by metallic solutions. 
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SECT. f. 

OF SULPHURETED HYDROGEN. 

This substance forms the link by which the colorific 
acids are joined to the acids strictly so called. The 
Germans have given it the name of hydrothionic acid . 
The method of preparing this substance, and the most 
remarkable of its properties, have been detailed in a 
preceding part of this Work *. As an instrument of 
chemical analysis it is usually employed in two states. 
1. Dissolved in water ; in which state it is called liquid 
sulphur eted hydrogen . 2. Combined with alkalies, by 

causing a current of sulphureted hydrogen gas to pass 
through an alkaline solution till the liquid refuses to 
absorb any more. The liquid is then heated, to expel 
the excess of gas. In that state the compound is called 
an alkaline hydro sulphur et. 


SECT. II. 

OF PRUSSIC ACID. 

History, ’\J^ r E are indebted to an accident for our knowledge of 

this important substance. About the year 1710 Dies- 


* See VoL I. p. 89, 
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bach, a preparer of colours in Berlin, wishing to pre- 
pare some lake by precipitating a decoction of cochi- 
neal, alum, and green vitriol, with potash, borrowed 
some alkali for that purpose from Dippel. This che- 
mist was the discoverer of a peculiar animal oil which 
goes by his name. He prepared it from blood; and the 
alkali with which he furnished Diesbach had been em- 
ployed in the process. Instead of the red precipitate 
which he expected, a beautiful blue powder fell to the 
bottom. On mentioning the circumstance to Dippel, 
that chemist ascribed the formation of the powder to 
the action of his alkali on the alum and vitriol. It is 
not unlikely that he had calcined the potash together 
with a portion of blood. Be that as it may, he succeed- 
ed in discovering a method of procuring the blue pow- 
der at pleasure, and it was announced as a pigment in 
the Berlin Miscellanies for 1710. The preceding his- 
tory, however, was only communicated to the public by 
Stahl 20 years after *, 

This powder was called Prussian blue ; and the me- 
thod of procuring it remained concealed, because it 
had become a lucrative article of commerce, till Dr 
Woodward published a process in the Philosophical 
Transactions for 1724, which be had procured, as he 
informs us, from one of his friends in Germany. This 
method was as follows : Detonate together four ounces 
of nitre and as much tartar, in order to procure an ex- 
temporaneous alkali ; then add four ounces of dried 
bullock’s blood ; mix the ingredients well together, and 
put them into a crucible covered with a lid, in which 
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there is a small hole $ calcine with a moderate fire till 
the blood emits no more smoke or flame capable of 
blackening any white body exposed to it ; increase the 
fire towards the end, so that the whole matter contained 
in the crucible shall be moderately but sensibly red. 
In this state throw it into four pounds of water, and boil 
it for half an hour. Decant off this water, and continue 
to pour on more till it come off insipid. Add all these 
liquids together, and boil them down to four pounds. 
Dissolve an ounce of sulphate of iron in half a pound of 
water, and eight ounces of alum in four pounds of boil- 
ing water : mix all the three solutions together while 
boiling hot. An effervescence takes place, and a pow- 
der is precipitated of a green colour. Separate this pre- 
cipitate by filtration, and pour muriatic acid upon it till 
it becomes of a beautiful blue 5 then wash it with wa- 
ter and dry it *. 

Different explanations were given of the nature of 
this precipitate by different chemists. Mr Brown im- 
mediately repeated the process of Woodward, ascer- 
tained that other animal substances, as heef 9 may be sub- 
stituted for blood ; that the alum is useful only to dilute 
the colour ; and that the blue pigment is produced by 
the action of the alkali (altered by blood) op. the iron 
of the vitriol. He ascertained, too, that prussian 
blue is insoluble in muriatic acid, and that the green 
colour is owing to a mixture of prussian blue and oxide 
of iron, and that the muriatic acid develapes the blue 
colour by dissolving the oxide of iron f . 

These facts were of considerable importance ; but they 


f fhih Trws* xxxiii, Ij, 


f Ibid, 1724. xxxiii, 17- 
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threw iio light upon the theory of the process. An ex> Chap- Itf^ 
|)lanation of this was first attempted by Geoffroy, who 
had ascertained that any animal body whatever might 
be substituted for blood. According to him, the blood 
communicates a portion of inflammable matter, or phlo- 
giston, to the alkali, and this inflammable matter revives 
the iron of the vitriol and brings it to the metallic state* 

A greater quantity of blood, by increasing the inflam- 
mable matter, will enable the alkali to revive still more 
of the iron, and thus to strike a blue at once, instead of 
a green *. Though this explanation was approved of 
at the time by the best chemists, it was far from satis- 
factory f. Macquer soon after proceeded, by way of 
experiment, and added a new step to the facts ascertain- 
ed by Erown. 

That celebrated chemist ascertained the following Ex peri- 
facts : l. When an alkali is added to a solution of iron j^icquer. 
in any acid, the iron is precipitated of a yellow colour, 
and soluble in acids 5 but if iron be precipitated from 
an acid by an alkali prepared by calcination with blood 
(which has been called a prussian alkali ), it is of a 
green colour. 2 . Acids dissolve only a part of this 
precipitate, and leave behind an insoluble powder which 
is of an intense blue colour* The green precipitate 
therefore is composed of two different substances, one 
of which is prussian blue. 3. The other is the brown 
or yellow oxide of iron ; and the green colour is owing 
to the mixture of the blue and yellow substances. 4 . 

When heat is applied to this prussian blue, its blue co- 
lour is destroyed, and it becomes exactly similar to com- 


* Mem. Far- i;sj. f Lewis, Keumati’s Cheat* p. 7$. 
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mon oxide of iron* It is composed therefore of iron 
and some other substance, which heat has the property 
of driving off* 5. If it be boiled with a pure alkali, 
it loses its blue colour also, and at the same time the al- 
kali acquires the property of precipitating of a blue co- 
lour solutions of iron in acids, or it has become pre- 
cisely the same with the prussian alkali. 6. Prussian 
blue, therefore, is composed of iron and something 
which a pure alkali can separate from it, something 
which has a greater affinity for alkali than for iron. 
7. By boiling a quantity of alkali with prussian blue, 
it may be completely saturated with this something, 
which may be called colouring matter , and then posses- 
ses the properties of a neutral salt. 8. No acid can 
separate this colouring matter from iron after it is once 
united with it. 9^ When iron dissolved in an acid is 
mixed with an alkali saturated with the colouring mat- 
ter, a double decomposition takes place ; the acid unites 
with the alkali, and the colouring matter .with the iron, 
and forms prussian blue. 10. The reason tbat/in the 
common method of preparing prussian blue, a quantity 
of yellow oxide is precipitated, is, that there is not a 
sufficient quantity of colouring matter (for the alkali is 
never saturated with it) to saturate all the iron displaced 
by the alkali; a part of it therefore is mixed ivith prus- 
sian blue. Muriatic acid dissolves this oxide, carries 
it off, and leaves the blue in a state of purity. — Such 
were the conclusions which Macquer drew from his 
experiments ; experiments which not only discovered 
the composition of prussian blue, but threw a ray of 
light on the nature of affinities, which lias contributed 
much towards the advancement of that important branch 
of chemistry. 
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The nature of the colouring matter, however, was Cliap, IIL 
still unknown. Macqner supposed it to he phlogiston. 
According to him, prussian blue is nothing else than 
iron supersaturated with phlogiston. This overdose 
protects the iron from acids, and prevents the magnet 
from acting on it. Heat drives off this dose, and leaves 
the prussian blue in the state of common iron *. From 
this theory, which* differed but little from that of Geof- 
froy, the alkali saturated with the colouring matter of 
prussian blue received the name of phlogistic at ed alkali . 

Macquer having observed that it did not acton alkaline 
and earthy solutions, while it precipitated all the metals, 
proposed it as an excellent test for detecting the pre- 
sence of these last bodies. 

The subsequent experiments of chemists threw an 
air of suspicion on Macquer’s theory. Bairnie ascer- 
tained, that when prussian blue is distilled, it always 
yields a portion of animal oil f; a product not very 
likely to appear if the powder contained nothing but 
phlogiston and iron. Deyeux and Parmentier, Berg- 
man, Erxleben, Delius, and Scopoli, submitted prus- 
slan blue to distillation, and obtained a quantity of am- 
monia. Fontana ascertained that prussian blue deto- 
nated with nitre. Landriani obtained, by distillation, a 
little acid liquid and oil, and a great quantity of azotic 
gas and carbureted hydrogen gas. These facts were 
still more inconsistent, if possible, with Macquer’s the- 
ory. Morveau advanced another in 1772 ; namely, that 
the phlogisticated alkali, besides phlogiston, contained 
also an acid which acted the principal part in the phe- 


* See Macquer’s Dictionary* i. 177. f Baume’s C&eiairtry* 11 Coi , 
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nomena produced*. Sage affirmed that the colouring 
matter in phlogisticated alkali was phosphoric acid 5 
hut this opinion was refuted by Lavoisier f. Bergman 
also announced his suspicions that it was an acid, but an 
unknown one 

Such was the knowledge of chemists respecting the 
nature of this colouring matter, when Scheele all at once 
removed the veil, and explained its properties and com- 
position. This he performed in two dissertations on 
Prussian blue, published in the Stockholm Transactions 
for 1782 and 1783 |[. 

He observed that the prussian alkali, after being ex- 
posed for some time to the air, lost the property of 
forming prussian blue j the colouring matter must there- 
fore have left it. 

He put a small quantity of it into a large glass globe, 
corked it up, and kept it some time 5 hut no change 
was produced either in the air or the prussian alkali. 
Something must therefore displace the colouring mat- 
ter when the alkali is exposed to the open air, which is 
not present in a glass vessel. Was it carbonic acid gas? 
To ascertain this, he put a quantity of prussian alkali 
into a glass globe filled with that gas, and in 24 hours 
the alkali was incapable of producing prussian blue. It 
is therefore carbonic acid gas which displaces the co- 
louring matter. He repeated this experiment with this 
difference, that he hung in the globe a bit of paper 
which had been previously dipped into a solution or 
sulphate of iron, and on which he had let fall two drops 


* Digression* Academiques , p. 349. 
i Notes on Scheffer, § 165. 


f Mem. Par. 1777, p. 77. 
|| Scheele* ii. 141, 
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of an alkaline lixivium in order to precipitate the iron, t Cha P IIJ > 
This paper was taken out in two hours, and became co- 
vered with a fine blue on adding a little muriatic acid* 

Carbonic acid, then, has the property of separating the 
colouring matter from alkali without decomposing it. 

. He found also that other acids produce the same ef- 
fect. Hence he concluded that the colouring matteir 
might be obtained in a separate state. Accordingly he 
made a great many attempts to procure it in that state, 
and at last hit upon the following method, which suc- 
ceeds perfectly. 

Mix together ten parts of prnssian blue in powder, ^P art? * 
five parts of the red oxide of mercury, and thirty parts 
of water, and boil the mixture for some minutes in a 
glass vessel. The blue colour disappears, and the mix- 
ture becomes yellowish green. Pour it upon a filter; 
and after all the liquid part has passed, pour ten parts 
of hot water, through the filter to wash the residuum, 
completely. The oxide of mercury decomposes Prus- 
sian blue, separates its colouring matter, and forms 
with it a salt soluble in water. The liquid therefore 
which has passed through the filter contains the colour- 
ing matter combined with mercury. The other com- 
ponent parts of the prussian blue being insoluble, do 
not pass through the filter* Pour this mercurial liquid 
upon 2\ parts of clean iron filings, quite free from rust* 

Add at the same time one part of concentrated sulpha** 
ric acid, and shake the mixture. The iron filings are 
dissolved, and the mercury formerly held in solution is 
precipitated in the metallic state. The cause of this 
sadden change is obvious : The iron deoxidizes the 
mercury, and is at the same instant dissolved by the 
sulphuric acid, which has a stronger affinity for it than 

VqU U. A a 
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the colouring matter has. There remains in s-olutrotf 
therefore only sulphate of iron and the colouring mat- 


ter. 


Now the colouring matter being volatile, which the 
su-p »ate of iron is not, it was easy to obtain it apart by 
dis illation. Accordingly he distilled the mixture in a 
gentle heat : the colouring matter came over by the 
time that one- fourth of the liquor had passed into the 
receiver. It was mixed, however, with a small quanti- 
ty of sulphuric acid ; from which he separated it by 
distilling a second time over a quantity of carbonate of 
lime. The sulphuric acid combines with the lime and 
remains behind, which the colouring matter eannot do, 
because carbonic acid has a stronger affinity for lime 
than it has. Thus he obtained the colouring matter in 
a state of purity. 

Composi- It remained now .to discover its component parts. 

tion. , _ ... 

He formed a very pure prussian blue, which he distil- 
led, and increased the fire till the vessel became red. 
The small quantity of water which he had put into the 
receiver contained a portion of the blue colouring mat- 
ter and of ammonia; and the air of the receiver con- 


sisted of azote, carbonic acid gas, and the colouring mat- 
ter. He concluded from this and other experiments, 
that the colouring matter is a compound of ammonia and 
oil. But when he attempted to verify this theory by 
combining together ammonia and oil, he could not suc- 
ceed in forming colouring matter* This obliged him 
to change his opinion ; and at last he concluded that 
the colouring matter is a compound of ammonia and 
charcoal. He mixed together equal quantities of pound- 
ed charcoal and potash, put the mlxmre into a crucible, 
and kept it red hot for a quarter of an hour : he then 
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added a quantity of sal ammoniac in small pieces* which 
lie pushed to the bottom of the melted mixture, kept it 
in the fire for two minutes till it had ceased to give out 
vapours of ammonia* and then threw it into a quantity 
of water. The solution possessed all the properties of 
the prussian alkali. Thus Mr Scheele succeeded in 
forming the colouring matter . 

This colouring matter was called prussic acid by Mor- 
veau in. the first volume of the chemical part of the 
cyclopedic Methodique ; an appellation which is now 
generally received, and which therefore it wall be pro- 
per to employ in the remaining part of this Section. 

These admirable experiments of Scheele were repeat- 
ed and carried still farther by Berthollet in 1787 ; who 
applied to the explanation of the composition of the 
Colouring matter the light which had resulted from his 
previous experiments on the component parts of ammo- 
nia. This illustrious chemist, not inferior to Scheele 
in ingenuity and address, ascertained, in the first place* 
that the phlogisticated alkali is a triple salt, composed 
of prussic acid, the alkali* and oxide of iron; that it 
may be obtained in octahedral crystals ; and that when 
mixed with sulphuric acid, and exposed to the light* it 
lets fall a precipitate of prussian blue. His next object 
was to ascertain the component parts of prussic acid; 
When oxymuriatic acid is poured into prussic acid, ob- 
tained by Scheele’s process, it loses its oxygen, and is 
converted into common muriatic acid. At the same 
time the prussic acid becomes more odorous and more 
Volatile* less capable of combining with alkalies, and 
precipitates iron from its solutions, not blue, but green* ■ 
Thus prussic acid, by combining with oxygen, acquires 
new properties, and is converted into a new substance* 
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muriatic acid gas be made to pass into prussic acid, and 
it be exposed to the light, the prussic acid separates 
from the water with which it was combined, and pre- 
cipitates to the bottom in the form of an aromatic oil 
which heat converts into a vapour insoluble in water,, 
and incapable of combining with iron. When the 
green precipitate, composed of oxy-prussic acid and 
iron, is mixed with a pure fixed alkali, the oxy-prussic 
acid is decomposed, and converted into carbonate of 
ammonia. 

From these experiments, Berthollet concluded, that 
prussic acid does not contain ammonia ready formed ; 
but that it is a triple compound of carbon, hydrogen, 
and azote, in proportions which he was not able to as- 
certain, This conclusion has been still farther verified 
by Mr Clouet, who found, that when ammoniacal gas 
is made to pass through a red hot porcelain tube con- 
taining charcoal,, a quantity of prussic acid is formed*. 
This experiment does not succeed unless a pretty strong 
heat be applied to the tube f . 

Fourcroy and several other chemists believe, that the 
prussic acid contains also a portion of oxygen io its com- 
position, resting chiefly upon an experiment of Vauque- 
lin t* This is certainly possible, though it has not 


* Ann. de Chim* xi. 30. f Jour, de l* E cole Polytechn - I. ill. 436. 

t Vauquelin’s experiments were as follows : 

Ex per. I. Put into a retort 100 parts of the muriate of ammonia, 50 
parts of lime, and 35 parts of charcoal in fine powder ; adapt to the re- 
tort a receiver containing a slight solution of the sulphate of iron, and 
immerse into it the beak of the retort j then, apply a brisk heat, and con-*, 
stnuc the action of the fire until nothing more is disengaged. 
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been proved ; and the experiments of Berthollet render Chap, n.^ 
it somewhat unlikely. 

Having thiis traced the gradual progress of philoso- 
phers, in ascertaining the nature of the prussic acid, it 
only remains to give an account of its properties, which 
were first examined by the indefatigable Scheele. 

Prussic acid obtained by Scheele’s process is a co- Properties, 
lourless liquid like water. It has a strong odour, re- 
sembling that of the flowers of the peach, or of bitter 
almonds.. Its taste is sweetish, acrid, and hot, and apt 
to excite cough. It does not alter the colour of vege- 
table blues. It is exceedingly noxious when taken in- Poisonous, 
temally, even exposure to the fumes of it proves fatal 
to small animals. The poisonous qualities of the dis- 
tilled water of bitter almonds and leaves of laurel are 
ascribed at present to this acid, which is known to ex- 
ist in these waters in considerable quantity. 

It is very volatile, and evidently capable of assuming Gaseous, 
the gaseous form ; though hitherto it has scarcely been 
examined in that state. The following experiment of 


Exper. II. Put into a retort loo parts of the muriate of ammonia, 50 
■parts of semi-vitreous oxide of lead, and 1 $ parts of charcoal ; adapt a 
receiver containing a solution of sulphate of iron, and proceed as before. 
Stir well the liquors contained in the receivers, and expose them to the 
air for several days, in order that the combination between the oxide of 
iron and the prussic acid may be perfect, and that the prussiate of iron 
may absorb as much oxygen as is necessary for its passing to the state of 
blue prussiate, and for its being proof against acids: then pour into these 
liquors equal quantities of sulphuric acid well diluted with water, and 
you will have prussian blue, the quantities of which will be as one to 
six ; that is to say, the prussian blue of the experiment in which Vau- 
queiin employed oxide of lead, was six times more abundant than that 
of the experiment in which he employed only lime to disengage the am- 
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u— y~j gas. He put a quantity of prussian blue into a glass 

flask, and fitting to it a bent tube, applied the heat of a 
lamp ; as soon as the smell of bitter almonds became 
perceptible, the tube was plunged under mercury, and 
the gas evolved received in a jar containing liquid pot- 
ash. The gas was absorbed by the potash, and the li- 
quid, on being evaporated, deposited crystals, which 
possessed all the properties of prussiate of potash *. 

Not readily From the recent experiments of Richter and Bucholz, 
acted on by , ... 

Jieat. we learn that this acid is capable of resisting a much 

more violent heat without decomposition, than any of 
the vegetable acids. It is formed only when the pot- 
ash and blood are exposed to a red heat. When united 
to potash, a considerable heat may be applied to the 
combination without occasioning decomposition 9 but 
when the salt is dissolved in water prussic acid is im- 
mediately disengaged, as is evident by the odour of 
bitter almonds evolved 9 while at the same time a por- 
tion of ammonia and of carbonic acid is formed. Thus 
we see that water destroys the combination of this acid 
and alkalies. Bucholz supposes that the effect is pro- 
duced by the mutual action of the acid and water which 
decompose each other f. These facts explain the rea- 
son of the facility with which the alkaline prussiates 
are decomposed by mere exposure to the air, and by ail 
the acids, and show us that they can scarcely be applied 
to any useful purpose in chemistry, even if their diffi- 
cult formation did not present an unsurm cun table bar to 
their introduction. 


f PbiL AiTff£,x?ia. 15 1. 


f Gehlen’s Jour* i. 406* 
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The presence of a metallic oxide serves to fix the con- 
stituents of prussic acid, and to prevent them from being 
acted upon by water or any other body. Hence those 
salts into which a metallic oxide enters are much more 
permanent in their nature, and of course may be used 
for chemical purposes. 

Prussic acid then may be prepared as a reagent in 
four states : 1. In a state of purity, either gaseous or 
dissolved in water. 2. United to alkalies. 3. 'United 
to alkalies and metallic oxides at once in the state oi a 
neutral salt. 4- United to metallic oxides alone. 

l'j In the state of prussic acid its action on metallic 
solutions -is but feeble. Of all the meiallic solutions 
tried by Scheele, pure prussic acid occasioned only a 
-precipitate in three : namely, 

1. Nitrate of silver precipitated white. 

*2. Nitrate of mercury black. 

3. Carbonate of iron green becon^ingblue. 

It has no action on the ox’des of 

1. Platinum, 4- Lead, 7. Manganese, 

2. Iron, 5. Bismuth, 8- Arsenic, 

3. Tin, 45. Antimony, 9. Molybdenum. 

10. Gold precipitated by the alkaline carbonates is 
rendered white by this acid. 

11. It disengages carbonic acid from the oxide of 
silver, precipitated by the same alkalies ; but the oxide 
remains white. 

12. It dissolves red oxide of mercury, and forms with 
it a salt which may be obtained in crystals. 

13. Oxide of copper precipitated by carbonate of pot- 
ash effervesces in it, and acquires a slight orange yel- 
low colour, 

)4* Oxide of iron precipitated from the sulphate of 


Ch-p.nr. 
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15. Oxide of cobalt precipitated by the same alkali, 
gives in it some marks of effervescence, and becomes 
yellowish brown *. 

2d, From the experiments of Scheele, Richter, and 
Bucholz, we learn, that the alkaline prussiates act with 
sufficient force upon metallic solutions, and produce 
more beautiful precipitates than the triple prussiates ; 
but, for the reasons already assigned, they cannot be in® 
troduced into use with advantage. 

3 d y As the triple prussiates are usually prepared by 
digesting alkaline bodies on pr us si an blue, the oxide of 
iron is the metallic body which enters into combination 
with the acid and base, and constitutes the compound a 
triple salt. Potash has, with one consent, been adopted 
by chemists as most convenient ; but other alkaline bo- 
Ferrugi- dies would doubtless answer equally well. Ferrugi - 

sia^ of pot« nous pmssiate of potash , then, is the substance usually 
employed as a reagent. It is a yellow-coloured salt 
which crystallizes in flat cubes. It is used to detect 
the presence of metallic bodies by the colour of the 
precipitate formed, and in an especial manner to detect 
iron, which it does by the blue colour that the solution 
assumes ; and to free solutions from iron, which it doe? 
by precipitating the iron in the form of prussian blue, 
prussiate of 4f£, The only soluble combination of prussic acid and 
mercury, a metallic oxide is prussiate of mercury : the method 
of obtaining which is described above. It is a white 
salt of a disagreeable metallic taste, crystallizes in 

* .Scheele, il. 360, 
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needles, and forms a colourless solution in water© This Chap. TIL 
salt is employed with great advantage in several cases© 

By means of it, for example, Dr Wollaston has pointed 
out a method of separating palladium with facility from 
crude platina. Dissolve crude platina in nitre-muri- 
atic acid ; throw down the platinum with sal ammo- 
niac, neutralize the remaining solution with an alkali, 
and then drop in prussiate of mercury ; a yellow pre- 
cipitate gradually forms, which, when heated to redness, 
leaves pure palladium© 

The only earthy bodies precipitated by the prussiates 
are zirconia and yttria. This property distinguishes 
these two earths from all the rest, and points out an 
analogy between them and the metallic oxides© 


SECT. III. 

OF GALLIC ACID© 

There is an excrescence, known by the name of nut~ History 
gall, which grows on some species of oaks. This sub- 
stance contains a peculiar acid, called from that circum- 
stance gallic acid ; the properties of which were first ex- 
amined with attention by the commissioners of the A- 
cademy of Dijon, and the result of their experiments 
was published in 17T 7 , in the third volume of their 
Elements of Chemistry*. In these experiments, how- 
ever, they employed the infusion of galls, in which the 


*VoL III.p. 403© 
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acid Is combined with tannin. It was reserved for 
Scheele to obtain it nearly in a state o*" purity. 

1. He observed, in an infusion of galls made with 
cold water, a sediment, which proved on examination 
to have a crystalline form and an acid raste. By letting 
an infusion of galls remain a long time exposed to the 
air, and removing now and then the mouldy skin 
which formed on its surface, a large quantity of this 
sediment was obtained; which being edulcorated with 
cold water, redissolved in hot water, filtrated and eva- 
porated very slowly, yielded an acid salt in crystals as 
fine as sand *. 

Deyeux has proposed a much speedier method of 
obtaining gallic acid f ; but it does not succeed with- 
out a good deal of precaution. It consists in exposing 
pounded nut-galls in a large glass retort to a heat cau- 
tiously and slowly raised. A number of brilliant white 
crystalline plates are sublimed, which possess all the 
properties of gallic acid. Care must be taken not to 
apply too great a heat, and to stop the process before 
any oil begins to come over, otherwise the crystals will 
be redissolved, and the whole labour lost. 

Mr Davy has lately pointed out another method 
which yields gallic acid in a state of considerable pu- 
rity. Boil for some time a mixture of carbonate of ba- 
rytes and infusion of nut-galls. A bluish green liquid 
is obtained, which consists of a solution of gallic acid 


* Stockholm Trans. 1786, —The crystals obtained by this method ah 
ways contain a portion of tannin, and are of a brown colour. 

t This method was in fact discovered by Scheele ; but Deyeux re- 
peated it, and pointed out the proper precautions. — See Crell’s Jnnalr* 
i 29. Eng. TransL 
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land barytes* Filter and saturate with diluted sulphu- 
ric acid. Sulphate of barytes is deposited in the state 
of an insoluble powder, and a colourless solution of gal- 
lic acid remains behind *. 

Many other processes besides these have been propo- 
sed by different chemists, but as they are all liable to 
considerable objections, it is not necessary to enume- 
rate them. The following method proposed by Rich- 
ter, though expensive and tedioul, is one of the best : 

ic Infuse in cold water one pound and a half of gall 
nuts, previously reduced to fine powder, taking care fre- 
quently to agitate the mixture. Pass the liquid through 
a cloth ; add water to the pulp which refuses to go 
through, and again put it through the cloth, using a 
press to separate the water. Join the liquors, and with 
a gentle heat evaporate them, and a matter of a dark 
brown colour, and very brittle, will be obtained. 

“ Pure alcohol poured on this matter, reduced to a 
fine powder, acquires a pale straw colour. The deposite 
infused again in alcohol communicates but little colour 
to it. The brown residuum now left is composed al- 
most wholly of pure tannin. Mix the two alcoholic ex- 
tracts, which distil in a small retort to one eighth. 
What remains will be almost a solid mass. Pour wa- 


Chap. HI, 
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ter on it, and expose it to a gentle heat, and you will 
obtain a clear and almost colourless solution, 

“ Evaporate this solution, and you will obtain from 
it very small, white, prismatic crystals. The liquor 
furnishes more, but they are commonly a little colour- 
ed* It is sufficient to levigate them with water to ob 


Journal of tbs Royal Justit . i. $74» 
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tain them very white. By this process half an ounce 
of crystals is procured from one pound of galls ; these 
crystals are extremely light* and consequently occupy a 
considerable space 

The method of Scheele is by far the cheapest ; but 
it never yields a pure acid. Mr Proust has proposed 
the following method of remedying this defect : Form a 
strong infusion of galls, set it aside till impure crystals 
of gallic acid are deposited. Dissolve these crystals in 
water, and drop muriate of tin cautiously into the so- 
lution. Flocculi are deposited, and the solution becomes 
clear. Filter and evaporate. Pure crystals of gallic acid 
are deposited, .which require only to be dried upon 
blotting paper f . I have tried this method of Proust, 
but it did not succeed. Berthollet has proposed as a 
substitute to heat this solution of gallic acid with recent- 
ly precipitated oxide of tin. But this method likewise 
failed in the hands of Bouillon La Grange, who has 
lately published a dissertation on gallic acid, and en- 
deavoured to prove that it is merely acetic acid com- 
bined with tannin and extractive. But his proofs are 
not sufficiently conclusive. He has shown, however, 
that nutgalls contain acetic acid, and that the different 


gallates, when decomposed by sulphuric acid, emit the 
odour of acetic acid J. 


2. Gallic acid, when pure, is in the form of transpa- 
rent plates or octahedrons. Its taste is acid, and some- 
what astringent ; and when heated it has a peculiar and 
rather unpleasant aromatic odour. 


* Phzl. Mag. xxiii. 74. 
t Ann.de Chim. lx. 


f Jour, de Plys. Ixi. 1 17. 



GALLIC* 


381 


3* It is soluble in 1^ parts of boiling water, and in 
12 parts of cold water. When this solution is heated, 
the acid undergoes a very speedy decomposition. Al- 
cohol dissolves one-fourth of its weight of this acid at 
the temperature of the atmosphere. When boiling hot, 
it dissolves a quantity equal to its own weight. It is 
soluble also in ether. 

4. When exposed to the action of heat, it is sublimed, 
but its properties are somewhat altered, as Bouillon La 
Grange has shown. In like manner the acid sublimed 
by Deyeux’s process differs in its properties from the 
crystallized acid of Scheele and Richter. Deyeux an- 
nounced, that when the gallic acid is distilled it yields 
oxygen gas. When Berthollet repeated the experiment 
he obtained only carbonic acid. Bouillon La Grange 
has shown, that besides the carbonic acid, there comes 
over likewise a portion of heavy inflammable air, and 
that water is formed. By repeated distillations the 
whole acid may he decomposed and converted into these 
products. Hence it is obvious that gallic acid, like 
most of the other combustible acids is composed of 
oxygen, hydrogen, and carbon. The proportion of car- 
bon, if we judge from, the quantity of carbonic acid e- 
volved, must be very considerable. 

5. Gallic acid in crystals is not altered by exposure 
to the air. Neither oxygen gas, the simple combusti- 
bles, nor azote, seem to have any particular action on 
it. Its action on the metals has not been examined. 
When the solution of this acid in water is exposed to 
the air, it gradually acquires a brown colour, and the 
acid is destroyed ; the surface of the liquid becoming 
covered with mouldiness. 

6. It combines with alkaline bodies, separating the 
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carbonic acid if they were in the state of carbonates* 
The compounds formed have received the name of gate 
lates ; but hitherto have scarcely been examined. 

7. In alkaline solutions it occasions no aeposite, but 
when dropt into barytes water, strontian water, or lime 
water, it gives them a bluish- red colour, and occasions 
a flaky precipitate, composed of the acid combined with 


the earths *. 

Gallic acid occasions a precipitate- when poured into 
solutions of glucina, yttria, and zirconia in acids. This 
property distinguishes these three bodies from all the 
other earths, none of which are precipitated from their 
solutions in acids by gallic acid +. 

Cb metals. 8. Upon the metallic solutions it acts with considera* 
ble energy, changing the colour, and producing precipi* 
tates in many of them. Hence it is frequently used a& 
a reagent to detect the presence of metallic bodies j 
but the difficulty of freeing it sufficiently from tannin 
renders it scarcely safe to trust the experiments hitherto 
made on that point, Richter his shown, that it is not 
capable of taking iron from sulphuric acid, as has been 
hitherto supposed, unless it be assisted by the action 
of some other body which has an affinity for sulphuric 
acid. He has endeavoured to show, too, contrary to 
the experiments of Proust, that it strikes a black with 
all the oxides of iron. Berthollet has more lately em- 
ployed his ingenuity to establish the same doctrines. 


** Iris not unlikely that these precipitates are occasioned by the pre»* 
scnce of a little tannin, and that they would disappear if the and were 
pure. 

i If we except their solutions in carbonic acid. Alumina is precipi- 
tated from acids by infusion of nut-galis, but not- immediately. 
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bat has by no means silenced Proust, who has publish- 
ed experiments apparently decisive. 

When it precipitates metallic oxides, gallic acid ap- 
pears to act by bringing them nearer to the state of me- 
tals, and some of them, as gold, are completely reduced* 


Chap. TIL 
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Nutgalls contain several other ingredients besides History 
gallic acid ; but one of the most remarkable and im- 
portant is the substance culled tannin , which will occupy 
our attention in this Section. 

The first attempt at a regular examination of the pro- 
perties of nutgalls was made by Dr Lewis, during a 
set of experiments undertaken to ascertain the best mods 
of making ink *. He detected in them a substance 
•which precipitates Mach + with the oxides of iron, and 
coagulates wdth isinglass J ; but chemistry in his time 
had not made sufficient progress to enable him either 
to separate or examine this substance. Deyeux was 
perhaps the first chemist who ascertained the peculiaf 
nature of tannin . He pointed it out in his analysis of 
nutgalls as a peculiar resinous substance, but without 
assigning it any name § . Seguin soon after engaged 
in a set of experiments on the art of tanning leather ][ $ 


* Philosophical Commerce of the Arts, p. 377* 
j Ibid. p. 346. t Ibid. p. 387. 

§ Ann* tic Chim . xvii. 23. If Ibid. xx. 38. 
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Book II. during which he discovered that tannin has the property 
Division If . precipitating glue from its solutions in water, and of 
combining with the skins of animals. This led him to 
suppose it the essential constituent of the liquids em- 
ployed for the purpose of tanning leather. Hence the 
. names tannin and tanning principle given it by the 
French chemists ; but it is to Mr Proust that we are in- 
debted for the first investigation of the nature and pro- 
perties of tannin, and of the methods of obtaining it in a 
separate state *. Much curious and important infor- 
mation has likewise been obtained by the experiments 
of Mr Davy on the constituent parts of astringent vege- 
tables, and on their operation in tanningf . Fiedler 
Richter §, and Merat Guillot ||, have also published in- 
teresting experiments on this difficult subject. 

An elaborate dissertation on tannin was published by 
Trommsdorf in the summer of 1804 If ; in which he 
analysed the opinions of Proust, and examined the pro- 
perties of tannin with his usual industry. Many of his 
conclusions had been anticipated by Davy, whose la- 
bours, however, they serve to corroborate and confirm ; 
but the recent labours of Mr Hatchett have formed a 
new era in the history of tannin. This sagacious phi- 
losopher, during a set of experiments on resins and bi- 
tumens, discovered a method of forming tannin artifi- 
cially from almost every animal and vegetable body, 
and thus furnished chemists with the means of procu- 
ring it with facility in a state of purity. His disserta- 


* Ann. de Chim. xxv. 225. — xxxv. 32, — and xlii. 8.9. 
f 'Bill. Trans. 1803, p. 233. and Jour, of the Royal Insist, vol. iu 
| Jour, de Chim. i. 86. • § Ibid. iii. 307. and 334. 

Ii Ann. de Chim. xli. 323. % Gehlen’s Jour. iii. x is. 
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Mens on an artificial. tanping substance were read to tie 
Royal Society in the summer of 1805. 

. These discoveries will make it proper for ms to di-. 
vide this subject into two parts. We are now in pos- 
session of two kinds of tannin ; one kind formed in. 
plants by the processes of. vegetation 5 another formed 
artificially by the methods pointed out by Mr Hatchett: 
e^ch of these appears capfable of assuming different mo- 
difications, either from slight alterations in the constitu- 
ents, ' or from the combination of small portions of fo- 
reign bodies* 


I. Natural Tannic 

1 . Tannin exists in a great number of vegetable sub- 
stances; but it may be procured most readily and in the 
greatest purity from nutgalls and catechu ; 

Nutgalls are excrescences formed oil the leaves of 
the oak by the puncture of an insect which deposits its 
eggs on them. The best are known by the name of 
Aleppo galls * imported in large Quantities into this 
country for the use of the dyers* calico-printers, &c. 
They are hard like wood, round, often nodulated on the 
surface, of a bluish colour, and an excessively disagree- 
able taste. They are in a great measure soluble in wa- 
ter ; what remains behind is tasteless* and possesses the 
properties of the fibre of wood. A very gteat propor** 
tion of water is necessary to carry off every thing so- 
luble. Deyeux found, that a French pound of nutgalk 
required 96 French pints of water, applied in 20 differ- 
ent portions one after the other, and allowed to mace- 

VoL 1L i B b 


ms 

Chap. Iir. 

1 ■M " — y — 


Prepara- 
tion from, 
nutgalls* 



COLORIFIC ACIDS. 


3 % 


Book It. 
Division IT. 


rate each a considerable time * * * § . This, reduced to our 
standard, gives us about 150 English pints to a pound 
troy of nutgalls. But Trommsdorf exhausted the solu- 
ble part of nutgalls, by means of 40 times their weight 
of water, applied in three successive portions, each con- 
tinuing two days on the galls, at the temperature of 66° f. 

3?rom the analyses of Deyeux and Davy, it follows, 
that the soluble part of nutgalls consists chiefly of five 
ingredients ; namely, tannin, extractive, mucilage 
gallic acid, and gailate of lime. Mr Davy found that 
500 grains of Aleppo galls formed with water a solu- 
tion, which yielded by slow evaporation 185 grains of 
matter. This matter he found composed of 
130 tannin 

31 gallic acid and extract 

12 mucilage and extract 

12 lime and saline matter 


185 § 

So that the tannin constitutes rather more than two-thirds 
of the whole. 

2o No fewer than five methods have been proposed 
to separate tan from the infusion of nutgalls, and pro- 
cure it in a state of purity 3 but none of them answers 
the purpose completely. 

First . When a solution of muriate of tin is dropped 
into the infusion of nutgalls, a Copious yellow precipi- 
tate immediately falls 3 which, when separated by fil- 


* de Cbm. xvii. 12. f Gehlen’s Jour. iii. 1 13. 

X Extractive and mucilage are vegetable substances, which will bs 

treated of in a subsequent part of this Work. 

§ Phil. Trans. 1803, &51. 
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Nation and dried, assumes the appearance of a buff-co- , C^ap II r . 
loured light powder. According to Mr Proust, who 
first examined this powder, it is a compound of oxide 
of tin and tannin. If it be mixed with water, and a 
current of sulphureted hydrogen gas passed through it, 
sulphuret of tin is formed, which remains insoluble ; 
and the tannin, as it is separated from the oxide, dis- 
solves in the water. This water, when freed from the* 
sulphuret by filtration, and evaporated to dryness, 
leaves a brown coloured substance, which Proust con- 
sidered at first as pure tannin *. But as the infusion of 
nutgalls contains a portion of extract, which is likewise 
precipitated by muriate of tin, it is obvious, that by this 
process we do not obtain pure tannin, but a combina- 
tion of tannin and extract. ' Neither is the whole of the 
tannin precipitated; a portion of it combined with th$ 
oxide remaining in solution, unless thrown down by an 
alkali f. Mr Davy has rendered it probable that this 
precipitate contains also muriatic acid J. From these ; 
facts it is obvious that pure tannin is not obtained by 
this process. 

Second , When the infusion of nutgalls, somewhat 
concentrated by evaporation, is mixed with a saturated 
solution of carbonate of potash, a yellowish white mat- 
ter precipitates abundantly in the form of flakes. When 
this precipitate is dried, it assumes the form of a whitish 
powder, which was first examined by Deyeux, to 
whom we are indebted for the process §. Proust consi- 
ders this precipitate as pure tannin ; and accordingly 


f Proust, Ann. de Chim. xlii. 89. 
§ Ann. de Chim . xvii. 19, 

U U 


* Ann . it Chim. XXV. 22 6 . 

} Phil. Trans. 1803, p. 249. 
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propose? this process as one of the easiest for procuring 
that substance from the infusion of nutgalls. Accord- 
ing to him, carbonate of potash has a stronger affinity 
for water than tannin. Hence the reason that it occa- 
sions its precipitation But this -conclusion is by ncr 
means consistent with the properties of the precipitate 
ascertained by Deyeux, and is altogether inconsistent 
with the properties ascertained by Davy. Its colour is 
white ; it is nearly tasteless ; it is not completely solu- 
ble in water ; when heated, it yield's crystals of gallic 
acid. Mr Davy has shown that it consists chiefly of 
tannin and gallic acid combined with the carbonates of 
potash and lime f. The results obtained by Davy are 
confirmed likewise by the subsequent experiments of 
Trommsdorf J. This method* of course, does not yield 
pure tannin. 

Third. When concentrated sulphuric or muriatic 
acid is dropt into a strong infusion of nutgalls, a white 
curdy precipitate immediately falls. This fact was first 
observed by Dize §. According to Proust, the preci- 
pitate is a compound of tannin and the acid employed. 
If we wash it with cold water, dissolve it in boiling 
water, and saturate the '"acid with carbonate of potash, 
the tannin, according to him, separates in a state of pu- 
rity. It may be washed with cold water and dried ||. 
But besides tannin extract must be present in this pre- 
cipitate; for it is weir known that it is thrown down? 
by sulphuric acid. Mr Davy has rendered it probable 
that it contains also some gallic acid. By distilling it 


* Ann, ds Cbm. xxxv* 33. 
t Gehlen’s Jour . iii. 117. 
ff Ibid. p. 37. 


f Phil. Trans . 1803. 245; 
§ Ann, ds Cbm , xxxiv* 37. 
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in a heat above 212°, be obtained a yellowish coloured 
liquid, which gave a black colour to oxysulphate of 
iron, though it 'formed no precipitate with gelat ine ; it 
therefore contained gallic acid *. Trommsdorf’s ex- 
periments show us likewise that this method does not 
yield pure tannin f . 

Fourth , If lime-water be mixed with an infusion of 
nutgalls, a copious precipitate falls. When this preci- 
pitate is treated with diluted nitric or muriatic acid, an 
effervescence takes place, the liquid becomes deep co- 
loured ; and when filtrated leaves behind it a substance 
■of a brilliant black colour, which Merat-Guillot, to 
whom we are indebted for this process, considers as 
juire tannin But Mr Davy has shown that it must also 
contain the extractive matter, which is thrown down in 
combination with lime as well as the tannin The 
effervescence indicates sufficiently the presence of car- 
bonic acid i a proof that the precipitate is even still 
more complicated. This method, then, is scarcely pre^ 
ferable to the former. 

* Fifth. The process practised by Trommsdorf, though 
not unexceptionable, appears to yield tannin in a state 
of greater purity than any other hitherto thought of. It 
is as follows; Three parts of nutgalls were reduced to 
powder, and digested with 40 parts.of water for three 
days, at the temperature of 06°, the mixture being fre- 
quently stirred. The whole was now passed through 
a linen strainer, the liquid set apart, and the powdered 
nutgalls remaining on the strainer were treated as be- 
fore with 40 parts of water. This digestion with fresh 


♦ FhlL Trans. 1S03, 24c. \ Gehlen’s Jour. Hi. 12% 

$ Ann. ck Chirn . ili, .323. 5 FbSL Trans. iSoj. z6$. 
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Book If. water was Continued till four different Infusions in al$ 
«—!! *— . * had been drawn off the nutgalls. The last of these was 
colourless, and produced no change upon the solution of 
iron. These infusions were mixed together, and evapora- 
ted gently down to one fourth in a porcelain basin. The 
liquid being now muddy was passed through a thick 
linen cloth, by means of which a quantity of extractive 
was separated. The whole was then evaporated to the 
consistence of a jelly, and placed upon a flat porcelain 
dish near a stove till it became quite dry. The browni 
coloured substance thus obtained was digested with 
thrice its weight of pure alcohol * ; and this digestion 
was repeated in all three times, till the last portion of 
alcohol was found to contain no trace of gallic acicL In 
order to make sure of removing the gallic acid, the dry- 
residue was digested twice successively with alcohol 
containing ten per cent . of water. It was now consi- 
dered as tannin in a considerable degree pure, but still 
contaminated with some extractive and mucilaginous 
matter. To get rid of these, the whole was dissolved. 
In distilled water, and repeatedly evaporated to dryness. 
In hopes of rendering the extractive insoluble ; but no- 
thing was separated by this process. When the solution 
was left for some time in a warm place, a mould col- 
lected on the surface, which was removed, and ascribed 
to a portion of mucilage which had been, present. The 
solution being now filtered, and evaporated to dryness, 
left a residue consisting of tannin in a state of considera- 
ble purity, but still contaminated with a quantity of 
sulphate of lime. To get rid of this salt, Mr Tronims- 


* Alcohol of the specific gravity Q*796 is at present considered as pttr.e 9 
or free from water. 
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tforf employed the following method : The tannin was Chap, in^ 
dissolved in water, and carbonate of potash dropt in as 
long as any precipitate fell. The liquid was separated 
from this precipitate by filtration, and mixed with ace- 
tate of lead. A powder fell, consisting of the oxide 
of lead combined with tannin. This powder was wash- 
ed and dried ; and being mixed with water, a current of 
snlphureted hydrogen was passed through. By this 
means the lead was separated and remained in combi- 
nation with sulphur, while the tannin dissolved in the 
water. The liquid being now filtered, boiled, and eva- 
porated to dryness, left a residue, which may be consi- 
dered as tannin in a state of as great purity as it can be 
procured from nutgalls 

3. Catechu, or terra japonic a as it is also called, is Fromeate- 
a substance obtained by decoction and evaporation from 
a species of mimosa which abounds in India. It has 
a reddish brown colour, an astringent taste, leaving an 
impression of sweetness; it is not altered by exposure 
to the air. There are two varieties of it; one from Bom- 
bay, which has the lightest colour, and a specific gravi- 
ty of 1*39 ; and one from Bengal, which is of the co- 
lour of chocolate; its specific gravity is 1*28 f. This 
substance was examined by Davy, and found to consist 
chiefly of tannin combined with a peculiar species of 
extractive. If the darkest parts of the catechu be se- 
lected, and infused in cold distilled water for a short 
time, the infusion, when evaporated to dryness, consists 
of tannin combined with a very minute quantity of extract. 

It may therefore be employed to ascertain the properties 
of tannin. 


* Gchlcn, iii. 113, and 124. 


| Davy, Ibid, 252. 
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4, Tannin procured from nutgalls by TrommsdorPg 
method, is a substance of a brown colour, brittle, and 
breaking with a resinous fracture . Its taste is bitter 
and very astringent^ like that of nutgalls. 

It dissolves readily in water, both hot and cold, ant} 
forms a solution of a brown colour, which, frornTromms- 
dorf’s experiments, does not seem liable to become 
mouldy, nor to undergo a spontaneous decomposition 
when exposed to the air in a moderate heat. 

Pure alcohol does not dissolve tannin ; but it is rea- 
dily soluble in alcohol diluted with water, even though 
the portion of water be but small. Thus alcohol, of the 
specific gravity 0 * 818 , dissolves it, though it contains, 
according to Lowitz’s table, only T ~th cf water. These* 
important facts seem first to have been observed by Rich- 
ter, and to have furnished him with the method tor, 
merly described, of procuring gallic acid in a state of 
purity. 

5. From the experiments of Proust, Dayy, and Dey- 
eux, we learn that it is capable of combining with oxy- 
gen ; but at the same time itis either decomposed alto- 
gether, or its nature completely altered. Thus nitric 
acid converts it into a yellowish brown matter soluble 
in alcohol, and similar in its properties to an extract*, 
Oxymuriatic acid produces similar effepts ; and Mr 
Proust has observed, that the peroxide of tin changes 
it also into an extract + a perhaps by communicating 
oxygen. 

<3- The action of the simple combustibles on tannin 
has not been examined* 


$ Pavy, Pill. Trans, 1803, 241. 


f Ann, de Chiw . xlii. 93- 
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*7. The action of the metals upon tannin does not 
seem to be great; but almost all the metallic oxides 
have an affinity for it, and are capable of combining 
-with it ; the compound is usually nearly insoluble in 
water. Hence the reason why the infusion of nutgalls 
precipitates metallic solutions so readily. These com- 
pounds have been hitherto in a great measure overlook- 
ed by chemists. The following observations contain 
the facts at present known. 

When the peroxide of tin or zinc is boiled in the in- 
fusion of galls, it acquires & dull yellow colour, and ab- 
stracts all the constituents from the infusion, leaving 
behind only pure water. The oxides thus combined 
with tannin, &.c. are partly soluble in muriatic acid, 
and the solution indicates the presence of tannin and gal- 
lic acid'*. When peroxide of tin is allowed to act upon 
the cold infusion, it abstracts all its constituents in a 
few days; but Mr Proust f affirms, that in that case 
the gallic acid is mostly destroyed, and a portion of the 
tannin brought to the state of extractive. 

When the metallic salts are mixed with the infusion 
of galls, the precipitate consists of the metallic oxide 
combined with the tannin, the extract, and the acid of 
the infusion ; and, according to Davy, it contains also 
a portion of the acid of the metallic salt 

Tannin does not seem to produce any change upon 
the solution of sulphate of iron : but when it is mixed 
with a solution of the oxy sulphate of iron, a deep blue 
coloured precipitate immediately appears, consisting of 


* Davy, Phil. Trans, lSc 3 3 244. f Ann.de dim * xlih 9^ 

2 PhiL Traas. l8o3 5 24??. 
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Booh II. the tannin combined with the oxide. This precipitate, 
when dried, assumes a black colour. It is decomposed 
by acids. 

When too great a proportion of oxysulphate of iron 
'is poured into a solution of tannin, the sulphuric acid, 
set at liberty by the combination of the iron and tannin, 
is sufficient to re-dissolve the precipitate as it appears ; 
but the precipitate may easily be obtained by cautiously 
saturating this excess of acid with potash. When the 
experiment is performed in this manner, all the oxy- 
sulphate of iron which remains in the solution undecom- 
posed is converted into sulphate. Mr Proust supposes 
that this change is produced by the tannin absorbing 
oxygen from the iron. 

Tannin 8. One of the most important properties of tannin is 

wirl^geTa® i nso ^ u t>le compound which it forms with glue or ge« 
tmt. latine , as this substance is termed by chemists. It is 

therefore employed to detect the presence of gelatine in 
animal fluids ; and, on the other hand, solutions of ge- 
latine are employed to detect the presence of tannin in 
vegetable fluids, and to ascertain its quantity. Now 
although the compound of gelatine and tannin is inso- 
luble in water, it is soluble both in the solution of tan- 
nin and of gelatine when sufficiently diluted. It is ne- 
cessary, therefore, that the solution of gelatine, used to 
detect tannin, should be as concentrated as is consistent 
with its perfect fluidity; for glue, when gelatinous, does 
not act upon tannin. It is necessary also that it should 
be employed quite fresh ; for when in a state of putre- 
faction, it loses its property of precipitating tannin*. 

* I find that even the addition of as much alcohol as is consistent with 
the gelatine remaining in solution, does not preserve it in a proper stats 
for use. 
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Mr Davy has ascertained, that the best proportion for Chap, in, 
use is a solution of 120 grains of isinglass * in 20 oun- 
ces of water. Care must be taken not to add an excess 
of the solution to the liquid from which the tannin is 
to be separated ; because the compound of tannin and 
gelatine is re-dissolved by the solution of gelatine. Ac- 
cording to the analysis of Mr Davy, this compound, 
when dried in the temperature of 150°, is composed of 
54 gelatine 
46 tannin 

100f 

Potash and soda combine with tannin, and form Action of 
with it a compound less soluble in water than pure tan«* a ^ calies * 
nin, and which does not precipitate glue till the alkali 
is saturated with an acid J. Ammonia produces the 
same effects. The fixed alkalies occasion a precipitate 
in concentrated solutions of tannin, but ammonia throws 
down nothing 

When potash or soda is added to the infusion of nut- 
galls, the liquid assumes a reddish-brown colour, and 
loses the property of precipitating gelatine till the alkali 
is saturated with an acid. When the alkalized infusion 
is evaporated to dryness, an olive coloured mass re- 
mains, of a faint alkaline taste, which deliquesces in the 
air. Ammonia produces the same effect upon the infu- 
sion of galls; but when the mixture is exposed! to the 


sisin glass is glue or gelatine nearly pure, as has been shown by Mr 
Hatsheti. 

f il . Trans. lS03-p. 235. and 25c. 

| Trommsdorf, Gehlen, iii, 144- 
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Boole I! heat of boiling heater, part of the ammonia flies off, a 
Division II. p rec :pj ta ^ e falls, consisting of most of the tannin and 
gallic acid, while the extract remains in solution 
Of earths, ^o. When barytes or lime water is poured into a so- 
lution of tannin, a precipitate falls, consisting of tannin 
combined with the earth, and the solution becomes near- 
ly colourless. The precipitate dissolves with difficulty 
in water, and does not act upon the infusion of glue till 
the earth is saturated with an acid 

When newly precipitated magnesia is agitated with 
the infusion of tannin, it unites with a portion of it, 
and forms a smoky brown powder insoluble in water, 
but soluble in acids. Alumina produces the same ef- 
fect, and forms a similar compound f. 

When barytes, strontian, or lime water, is poured in- 
to the infusion of galls, an olive coloured precipitate 
falls, which consists not only of the tannin, but also of 
the extract, and most of the gallic aqid combined with 
the earth. When magnesia is mixed or boiled with 
this infusion, it combines with all its constituents 5 thfe 
gallate remains mostly in solution, and gives the liquid 
a green colour ; while the tannin and the extract form 
with the magnesia an insoluble compound, and give it a 
dirty yellow colour. Alumina in small quantity pro- 
duces exactly the same effect ; but when used in a great- 
er proportion, it separates all the constituents of the in- 
fusion i. 

When the earthy carbonates are boiled in the infusion 
of galls, they separate the tannin and the extract, while 


f Ifejd. 


§ Davy, Phil. Trans. 1803, p„ 24 1. 

* Tromnisdorf, Gehlen’s Jour, iiu 145. 
$ Davy, Fb:l* Trans. 1805 , p„ 341 . 
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they combine with the acid, and form with. It a salt Chap.*IIL 

m • . rn • • 

which remains in the liquid, and gives it a green co- 
lour*. \ 

m Of acids. 

11. Most of the acids have the property of combi- 
ning with tannin, and of forming solutions more or less 
soluble. Acetic, phosphoric, oxalic, and malic acids, 
occasion no precipitate when dropt into a concentrated 
solution of nutgalls. Arsenic acid produces a copious 
precipitate, soluble in boiling water, and precipitating 
glue after the acid has been neutralized by an alkali* 

Muriatic acid likewise produces a precipitate most- 
ly soluble in hot water. The same remark applies 
to sulphuric acid. But this acid alters and gradually 
decomposes tannin. Nitric acid produces no precipi- 
tate in the infusion of nutgalls. The mixture becomes 
hot, and assumes a red colour, which gradually chan- 
ges to a yellow. By the action of this acid a bitter- 
tasted substance is formed, which possesses the proper** 
ties of malic acid f. 

12 . When tannin is distilled, it yields an acid liquor, 
which blackens solutions of iron, because it contains a 
little tannin unaltered : there comes over also some 
empyreumatic oil, and a voluminous coal remains be- 
hind, amounting to of the tannin distilled 

13. Such are the properties of the tannin of nutgalls, 
as far as they have been ascertained. The difficulty of 
procuring it in a state of purity renders some of them 


* Davy, PM. Trans 1803, p. 241. 

f Trommsdorf, G-ehlen’s Jour . Hi. 142. 
| Proust, Ann. dc Cbim xxxv. 
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Bfoutonh. am kig u ous, an <3 has induced chemists to employ as 

’ ' reagent the entire solution of nutgalls. 

&k! mS This solut * ori * s employed in considerable quantities 
by i'h? h r\s, J it :r.rtns the principal ingredient in 
writing ink . It is not known at what period this im- 
portant liquid came into use ; but the ink of the an- 
cients was composed of very different ingredients, be- 
ing analogous to the ink used by the printers at pre- 
sent. We are indebted to Dr Lewis for a valuable set 
of experiments on the best mode of making ink. 

This liquid consists of a solution of sulphate of iron 
in the infusion of nutgalls, and seems to owe its black 
colour chiefly to a combination of the tannin with the 
oxide of iron, or perhaps with the sulphate, and partly 
also to the combination of gallic acid and oxide of iron. 
The fullest black is produced when equal weights of 
green vitriol and galls are used ; but the ink very soon 
fades. To make it permanent, the galls ought to be 
thrice the weight of the vitriol. No other solution of 
iron but the sulphate forms with nutgalls a full black. 
When the mixture of the infusion of nutgalls and green 
vitriol is diluted with, much water, the black matter 
precipitates, and forms a sediment not again soluble. 
The addition of logwood increases the blackness of the 
ink. The following formula was ascertained by Dr 


Lewis to yield the best ink. 

Logwood ........ ....1 ounce 

Nutgalls in powder .... 3 

Green vitriol 1 


Water I to 2 quarts 

Boil the logwood and nutgalls in the water, adding new 
liquid in proportion to the evaporation, then strain 
through a cloth, and add the vitriol to the water, add- 
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ing at the same time from one to two ounces of gum 
arabic. As soon as these have dissolved, the ink is fit 
for use Some recommend the addition of a little 
cloves in powder to prevent mouldiness. 

14. Mr Proust has announced it as his opinion, that 
there exist various species of tannin in the vegetable 
kingdom, differing from each other like the oils, resins, 
&c. He has even enumerated several of these varie- 
ties, and pointed out their characteristics f. 

It is by no means unlikely that this opinion is well 
founded, and the experiments of Mr Hatchett serve to 
confirm it : But it is impossible to admit it as demon- 
strated till a process be discovered for obtaining tannin 
in a state of purity ; for the differences between the 
varieties pointed out by Proust may be owing to the 
presence of foreign substances which disguise its 
properties. At any rate, this subject will come under 
our consideration more properly in the jSecond Part of 
this Work, when we enumerate the different vegetable 
substances that contain tannin. 


Chap. nr. 


Species of 
tannin. 


II. Artificial Tannin. 


The important discovery, that a substance possessing Discovery 
similar properties to the tannin of nutgalls may be 
formed artificially by a very simple process, was made 
by Mr Hatchett in the course of a set of experiments 
on the slow carbonization of vegetable bodies, and de- 
tailed by him in two papers read to the Royal Society 
in 1805. 


* See Lewis's Phil, Com. p. 377. 


f Ann, de GBim xlii, 94 
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Properties. 


1. To form this artificial tannin , we have only to di- 
gest diluted nitric acid on charcoal till the whole, or 
nearly the whole, is dissolved. Mr Hatchett usually 
employed 100 grains of charcoal, and 500 grains of 
nitricacidof the specific gravity 1*40, diluted with twice 
its weight of water. On heating this mixture in an open 
matrass a considerable effervescence was produced, and 
much nitrous gas escaped. After two days digestion, 
more nitric acid was added, and the digestion was con- 
tinued till the solution was complete. The solution 
thus obtained was transparent, and of a dark brown co- 
lour ; which being evaporated to dryness, leaves a brown 
coloured mass. This is the artificial tannin. To free 
it from the last portions of nitric acid, Mr Hatchett 
found the best method was to dissolve it repeatedly in 
water, and evaporate cautiously to dryness with a gen- 
tle heat. 

By this method 100 grains of charcoal were convert- 
ed into 120 grains of a? m tificial tannin j but of these 
Mr Hatchett supposes three grains to be moisture. 

2. Tannin thus prepared is a substance of a browrf 
colour, has considerable lustre, and breaks with a vi- 
treous fracture. Its taste is bitter and highly . astrin- 
gent. It lias no smell. 

It dissolves readily in cold water, forming a trans- 
parent solution of a deep brown colour. Alcohol also 
dissolves it *. 


* The alcohol used by Mr Hatchett was probably weak. The ac- 
tion ot pure alcohol has not been tried. Were it soluble in it 5 this would 
form a marked distinction between natural and artificial tannin. I tried 
the effect of alcohol of she specific gravity 0*800, the strongest I had 
my possession. It formed a pale yellow solution-. 
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3. The solution of artificial tannin immediately pre- 
cipitates glue, or isinglass, from water. The precipi- 
tates are more or less brown according to the strength 
of the solutions* and always insoluble both in hot and 
cold water. To ascertain the proportion in which these 
bodies unite* Mr Hatchett dissolved 50 grains of artifi- 
cial tannin in 4 oz. of water, and then precipitated by 
means of a solution of isinglass. Forty- six grains of 
the tannin were precipitated in combination with eighty- 
one grains of isinglass. Hence the precipitate is com- 
posed of about 

3$ tannin 
64 isinglass 


100 

The solution containing the four grains not precipitated 
by the isinglass being evaporated to dryness, left a light 
brittle substance of a pale brown colour, smelling strong- 
ly of prepared oak bark, especially when dissolved in 
water. The solution tasted bitter, and from its proper- 
ties approached nearer to the vegetable matter called 
extractive than tannin ; a proof that even the artificial 
tannin prepared from charcoal is not quite free from fo- 
reign bodies. 

4. When sulphuric acid is added to a solution of ar- 
tificial tannin, a copious brown precipitate falls, soluble 
in boiling water, and capable of throwing down gela- 
tine. Muriatic acid produces precisely the same effect. 
Artificial tannin dissolves readily in nitric acid, but is 
not altered in its properties, though that acid be repeat- 
edly distilled off it. In this respect it differs very ma- 
terially frorn a ll the species of natural tannin hitherto 
examined, which were found by Mr Hatchett to be en~ 
VoL IL C c 
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Alkalies© 


Earths* 


Oxides, 


Action of 
heat. 


tirely decomposed by nitric acid, though with differed 
degrees of facility. 

5. Artificial tannin unites readily with the alkalies* 
both fixed and volatile. When dissolved in ammonia, 
evaporated to dryness, and again dissolved in water, the 
new solution does not precipitate gelatine unless it be 
previously mixed with a small portion of muriatic acid. 
A proof that it still retains the ammonia in combina- 
tion. When the fixed alkalies are added to a solution 
of artificial tannin, the colour is immediately deepened, 
and after some hours the solution becomes turbid. Car- 
bonate of potash produces the same effect, and after 
some time a brown magma is deposited. 

6. The alkaline earths unite with artificial tannin, 
and form compounds little soluble in water. Hence it 
forms a precipitate when mixed with nitrates of lime, 
barytes, &c. 

7. It precipitates likewise most of the metallic oxides 
from their solutions in acids. The colour of the preci- 
pitate is usually brown, inclining to chocolate. 

8. When artificial tannin is thrown upon a hot iron, 
it emits an odour similar to that of burning feathers. 
When exposed to a graduated heat in a retort, there pas- 
ses over, in the first place, a portion of water ; and this 
is succeeded by a little nitric acid, from which it is diffi- 
cult to free it completely. A little yellow liquor next 
makes its appearance ; and upon raising the fire, ammo- 
niacal gas is disengaged with great rapidity. This is 
followed by the evolution of carbonic acid gas, together 
with a small portion of gas, which seems to possess the 
properties of azote.. A bulky coal remains in the re- 
tort, amounting in weight to 0*42 5 of the original tan- 
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mn. This coal being burned, left some|brown ashes* 
consisting chiefly of lime. 

From this decomposition by the action of fire, it is 
obvious, that artificial tannin is composed of oxygen, 
azote, hydrogen, and carbon. The last ingredient ob- 
viously predominates ; though the proportions have not 
hitherto been ascertained. 

Such are the properties of the artificial tannin from 
charcoal, as far as they have been hitherto ascertained 
by Mr Hatchett, to whom we are indebted for all the 
facts above detailed. From the experiments of this in- 
defatigable chemist, we learn that every kind of char- 
coal yields it equally, from whatever substance it has 
been formed, whether vegetable, animal, or mineral, 
provided it be in the state of charcoal. But the action 
of nitric acid on charcoal, though the readiest and easi- 
est process, and that which yields the greatest quantity, 
is not the only one by means of which artificial tannin 
may be formed. Mr Hatchett has pointed out two 
others, by means of which certain vegetable substances 
may be converted into tannin. 

9 - The first of these consists in digesting nitric acid 
with certain substances that appear to contain an un- 
common portion of carbon in their composition ; indi- 
go, for instance, and many of the bodies called resins. 
Indigo dissolves readily in diluted nitric acid, and the 
solution, when gently evaporated to dryness, leaves ail 
orange-coloured mass of an intensely hitter taste, solu* 
ble in water, and possessing the property of forming an 
insoluble precipitate with gelatine. Hence it resembles 
tannin ; but it acts more feebly on the metallic salts 
than tannin from charcoal. A similar substance was 
procured from common resin by digesting it for a long 
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Book II. time in dilutee! nitric acid. Most of the resins and goirt 

Division N. . . ■ . , . 

v resms gave a similar product ; but no tannin could be 

procured from the gums. 

Third va- 10. The other process for procuring artificial tannin 

liety * consists in dissolving resins and camphor in sulphuric 
acid, digesting the solution till it becomes black, and 
then precipitating by throwing it into qold water. A 
black powder falls. If this powder be digested in al- 
cohol, a brown substance is taken up, which is soluble 
both in water and alcohol, forms an insoluble precipi- 
tate with gelatine, but acts only feebly on oxy- sulphate 
of iron. Camphor by this process yields nearly half its 
weight of a brown resinous-like matter, which possesses 
the property of forming an insoluble precipitate with 
gelatine ; and when digested with a little nitric acid, 
becomes precisely similar to tannin from charcoal. 

Thus there are three species of artificial tannin. I. 
Tannin procured by the action of nitric acid on char- 
coal. 2. Tannin, by digesting nitric acid on indigo and 
resins. 3. Tannin, hy dissolving resins or camphor ra 
sulphuric acid *. 


Such are the properties of the colorific acids. They 
act with most energy on metallic solutions, forming 
precipitates which vary in colour according to the me- 
tal. It is this property which renders them of so much 
importance in a chemical point of view. The colour 
of the precipitates which each of these bodies forms with 
the different metallic bodies, as far as is known at pre- 
sent, may be seen from the following Table. 


* See Mr Hatchett’s papers, Phil. Trans . 1805 and 1806. Frorai 
which all the facts respecting artificial tannin have been taken. 


Chemical 
uses of the 
colorific a- 
cuis. 



Gold, j Platinum. Silver, Mercury. Palladium. I Rhodium. Iridium. 

















[Table continued.] 
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Infusion of ~ ' 

Galls. 0re 7 Brown White O Orange White Yellow 






Chroniium.1 j Uranium. I Tungsten. I Titanium. I Columbi- I Niccola- • Q er j uni< 
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COMPOUND COMBUSTIBLES* 


GHAP. IV. 

OF COMPOUND COMBUSTIBLES. 


The compound combustibles are almost all composed 
of carbon and hydrogen, or of carbon, hydrog'en, and 
oxygen. They are a very numerous class of bodies, 
comprehending the greater number of animal and ve- 
getable substances, and of the products obtained from 

Hummer of these substances. But the present state of chemistry 

compound . 

combusts does not permit us to take the term m that compre-, 

L hensive sense : The investigation of vegetable and ani- 

mal bodies is too incomplete ; their properties are to© 
imperfectly known to allow us to introduce them into 
the first principles of the science; and the utility of the 
greater number of them as chemical instruments is too 
inconsiderable to warrant any such introduction, even 
if their properties were completely investigated. For 
these reasons, it will be proper to treat in this Chapter 
of those compound combustibles only which are ern^ 
ployed in chemistry as instruments of investigation, re- 
serving the remainder for the Second Part of this Work; 
These may be reduced under five classes ; namely, 

1. Alcohol 4. Fixed oils 

2. Ether 5. Bitumens 

3. Volatile oils 

The properties of these bodies form the subject of tire 
Tallowing Sections? 
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Chap. IV. 

' * 


SECT. I. 

OF ALCOHOL. 

The liquid called alcohol, or spirit of wine, is obtained History* 
by distilling wzne, beer , and similar fermented liquors. 

These liquors appear to have been known in the ear- 
Jiest ages. The Scripture informs us that Noah plant- 
ed a vineyard and drank wine ; and the heathen wri- 
ters are unanimous in ascribing the invention of this li- 
quor to their earliest kings and heroes. Beer, too, seems 
to have been discovered at a very remote period. It 
was in common use in Egypt during the time of Hero- 
dotus *. Tacitus informs us that it was the drink of 
the Germans f. Whether the ancients had any method 
of procuring ardent spirits from these or any other li- 
quors does not appear. The Greeks and Romans seem 
to have been ignorant of ardent spirits altogether, at 
least we can discover no traces of any such liquor in 
their writings : But among the northern nation^ of Eu- 
rope, intoxicating liquors were in use from the earliest 
ages. Whether these liquors resembled the beer of the 
Germans we do not know. 

At what period these liquors were first subjected to 
distillation is unknown ; though it can scarcely have 
preceded the time of the alchymists* The process is 
pimple. Nothing rpore is absolutely necessary than 


* Lib, ii» a. 


f De hiorib. Germ. ch. xxui. 
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to boil them in a still. The first portion of what comes 
over is ardent spirits . It is certain, at least, that the 
method of procuring ardent spirits by distillation was 
known in the dark ages ; and it is more than probable 
that it was practised in the north of Europe much ear- 
lier. They are mentioned expressly by Thaddseus, Vil- 
lanovanus, and Lully *. 

It is by the distillation of fermented liquors that ar- 
dent spirits are obtained; and they receive various names 
according to the nature of the substance employed. 
Thus brandy is procured from wine, mm from the fer- 
mented juibe of the sugar cane, whisky and gin from the 
fermented infusion of malt or grain. Now ardent spi- 
rits, whatever be their name, consist almost entirely of 
three ingredients ; namely, water, pure spirit or alco- 
hol, and a little oil or resin, to which they owe their fla- 
vour and colour. 

1. When these spiritous liquors are redistilled, the 
first portion that comes over is a fine light transparent 
liquid, known in commerce by the name of rectified 
spirits , and commonly sold under the denomination of 
alcohol or spirit of wine. It is not, however, as strong 
as possible, still containing a considerable portion of 
water. 

The method usually practised to get rid of this wa- 
ter is to mix the spirits with a quantity of very dry 
and, warm salt of tartar +. This salt has a strong attrac- 
tion for water, and the greatest part of it is insoluble in 
alcohol. It accordingly combines with the water of 


* Bergman, iv. art. ii. 4 . 

\ Imipure potash not fully saturated with carbonic acid. 
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the spirit ; and the solution thus formed sinks to the 
bottom of the vessel, and the alcohol, which is lighter, 
swims over it, and may easily be decanted off ; or, 
what is perhaps better, the solution of potash may be 
drawn off from below it by means of a stop-cock placed 
at the bottom of the vessel*. The alcohol, ;thus ob- 
tained, contains a little pure potash dissolved, which 
may be separated by distilling it in a water bath with 
a very small heat. The spirit passes over, and leaves 
the potash behind. It is proper not to distil to dryness* 
This process is first mentioned by Lully. The liquid 
procured by means of it has been usually distinguished 
by the name of alcohol . 

- Alcohol is said to have been discovered, or at least 
first accurately described, by Arnold de Villa Nova, 
who was born about the end of the thirteenth century* 
This chemist, who was professor of medicine at Mont- 
pelier, first formed tinctures, and introduced them into 
medicine f . 

The specific gravity of spirits, as highly rectified as 
possible by repeated distillations, seems to be about 
0*820, at the temperature of 60° ; but the alcohol of 
commerce, which is nothing else than rectified spirits, is 
seldom under *83 71. By means of salt of tartar Mu- 
schenbroeck brought it as low as ‘815 ; but, in general, 
the alcohol concentrated by that process is not under 
”821, owing to the weakness of the spirits employed* 
Even at the specific gravity *815 the alcohol is by no 


* See this process described by Hoffman as new, in his Qbservai'.anes 
Plys.~Chym. Select, p. 36. published in 172.1* 

f He has said also to have been the first who obtained the oil of tur- 
pentine. He procured it by distilling turpentine, and employed it as a 
solvent of resins. 
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means, pore, still containing a considerable portion oi 
water. Dr Black, by repeated distillations off muriate 
of lime, obtained it as low as '800 ; but it was Lowitz 
of Pctersburgh who first hit upon a method of obtaining 
alcohol in a state of absolute purity, or at least very 
nearly so. His process was published in J79d*; and 
the same year Richter made known another, by which 
the same purification was accomplished with still greater 
facility f . 

The process of Lowitz is as follows : Take a quantity 
of fused alkali t perfectly dry, and still warm, and near- 
ly fill with ic a retort. Upon this pour such a quantity 
of aIcohol (previously brought to *821 by means of salt 
of tartar) as can be absorbed by the alkali completely, so 
that the whole shall have the appearance of a solid mass 
without any alcohol swimming above. In general, the 
proportion ought to be two parts alkali and one part al- 
cohol. Allow thjs mixture to remain for 24 hours, and 
then distil by a heat so moderate, that about two seconds 
elapse between the falling of the drops of alcohol from 
the beak of the receiver. When this interval increases, 
the receiver must be changed ; for it is a sign that all 
the strong alcohol has come over. What comes over 
next is weaker. By this process Lowitz obtained al- 
cohol of the specific gravity 0**791 at the temperature 


of 68°. 

When Richter repeated the experiment of Lowitz, he 
reduced the alcohol to the specific gravity 0*792 at the 
temperature of 68°, but could not bring it any lower. 


* Call’s Annals, 1796, i. 195. f Ibid. ii. 21 U \ 

4 I presume in the -state of sub-carbonate. 
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He found, upon trial, that the following method, which 
is much more expeditious, answered equally well with 
that of Lowitz : He exposed a quantity of the salt cal- 
led muriate of lime to a red heat, reduced it to powder, 
and introduced it while yet warm into a retort, and 
poured over it at intervals a quantity of alcohol, of 
0’821, nearly equal to it in weight. A violent heat 
was produced. The retort was put upon a sand-bath, 
a receiver adjusted, and the liquid made to boil. The 
salt was dissolved, and formed with the alcohol a thick 
solution. The portion that had passed over into the re- 
ceiver was now poured back, and the whole distilled 
by a gentle boiling nearly to dryness. The alcohol that 
came over was of the specific gravity 0*792 at the 
temperature of 6 S°. 

2. Alcohol obtained by these processes is a transpa- 
rent liquor, colourless as water, of a pleasant smell, and 
a strong penetrating agreeable taste. When swallowed 
it produces intoxication. Its properties differ some- 
what according to its strength. When procured by 
Lo witz’s or Richter’s process, we may distinguish it by 
the name of pure alcohol , as no method known can de- 
prive it of any more water. When the specific gravity 
is higher, the alcohol is contaminated with water, and 
the proportion of that liquid present increases with the 
specific gravity. Chemists, in general, have employed 
this impure alcohol, or this mixture of alcohol and wa- 
ter, in their experiments ; and as they have too often 
neglected to point out the specific gravity of the spirit 
used, we are still in some measure ignorant of the pro- 
perties of this important liquid*. 



Properties, 


Fahrenheit was one of the first who ascertained some of the re- 
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3. Alcohol is exceedingly fluid, and has never been 
frozen, though it has been exposed to a cold so great 
that the thermometer stood at — 69°. Indeed, Mr 
Walker sunk a spirit of wine thermometer to — 91°, 
without any appearance of congelation. 

It is a very volatile liquid. Fahrenheit found that 
alcohol of the specific gravity of about *820, at the tem- 
perature of 60°, boiled when heated to 176° *. When 
of the specific gravity # S00 it boils at 173f°. A.t 
this heat it assumes the form of an elastic fluid, capable 
of resisting the pressure of the atmosphere, but which 
condenses again into alcohol when that temperature is 
reduced. In a vacuum it boils at 56°, and exhibits 
the same phenomena : so that were it not for the pres- 
sure of the atmosphere, alcohol would always exist in 
the form of an elastic fluid, as transparent and invisible 
as common air. This subject was first examined 'with 
attention by Mr Lavoisier f. The fact, however, had 
been known long before. 

4. Alcohol has a strong affinity for water, and is 
miscible with it in every proportion. The specific gra- 
vity varies according to the proportion of the two li~ 


markable properties of alcohol with exactness. His alcohol was of the 
specific gravity *825 at the temperature of 48 °. See Phil. Trans . 17 : 34 . 
vol. xxxiii. p. 1 14. Fourcroy informs us that the specific gravity of the 
most highly rectified alcohol is 0*8293, without specifying the tempe- 
rature. The extremity of Baume’s hydrometer for spirits (according to 
Nicholson’s table, Quarto Jaur. i. 39 .) answers to the specific gravity 
' 817 , temp. 55 0 . This may be considered as beyond the strength of the 
alcohol used.- In Germany, before Lowitz’s experiments, the strongest 
alcohol seems seldom to have exceeded o-Sai at 68° ; and in this coun- 
try it is commonly considerably weaker. The highest point of Clark’s 
hydrometer corresponds with alcohol of about *834 at 30 °. Dr Lewis 
Kates the purest alcohol of the specific gravity *820 — Weumans Chem. 

9 PUL Trans. 1 724, vol- xxxiii. p. J, f Jour, ds Pby* 1785. 
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quids combined ; but, as happens in almost all com- Ch a P - IV. 
binations, the specific gravity is always greater than 
the mean of the two liquids ; consequently there is a 
mutual penetration : and as this penetration or conden- 
sation varies also with the . proportions, it is evident 
that the specific gravity of different mixtures of alcohol 
and water can only be ascertained by experiment. As 
the spiritous liquors of commerce are merely mixtures 
of alcohol and water in different proportions, and as their 
strength can only be ascertained with precision by 
means of their specific gravity, it becomes a point of 
very great importance to determine with precision the 
proportion of alcohol contained in a spirit of a given 
specific gravity : and as the specific gravity varies with 
the temperature it is necessary to make an allowance 
for that likewise. 

The importance of knowing with precision the pro- 
portion of alcohol contained in spirits of every specific 
gravity, has induced many different persons to make 
experiments in order to ascertain this point with exact- 
ness ; but as they set out from alcohol of very different 
strengths, it is not easy to compare their results with 
each other. We have seen that the pure alcohol, by * 
Lowitz’s process, is of the specific gravity *791 at the 
temperature of 68°. That chemist mixed various pro- 
portions of this alcohol with given weights of pure wa- 
ter, and after allowing the mixtures to remain for 24 
hours, took the specific gravity of each at the tempera- 
ture of 68°. The following Table exhibits the result 
of these experiments. The first two columns contain- 
the proportion of alcohol and water (in weight) mixed 
together, and the third the specific gravity of the mix- 
ture at 68°. I have added a fourth column,, containing: 
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3ook II. the specific gravity at 60°, the temperature commonly 
P' vis ‘ on ir , preferred in this country 


Table of the 
strength of 
alcohol of 
various den- 
sities. 


| 100 Part?. 

Sp. Grav.ty. 1 

1 00 Part?. | 

Sp. Giavity. 

Alcoh. 

Wat. 

at 68°, 

at 6o°. 

Alcoh. 

Wat. 

at 68° 

at 6o°. 

100 

— 

791 

796 

70 

30 

868 

S71 

99 

X 

794 

798 

69 

31 

870 

874 

98 

2 

797 

801 

68 

32 

872 

875 

91 

3 

800 

804 

67 

33 

875 

S79 

96 

4 

803 

807 

66 

34 

877 

880 

95 

5 

805 

809 

65 

35 

880 

883 

94 

6 

808 

812 

64 

36 

882 

886 

93 

7 

81 1 

815 

63 

37 

SS5 

889 

92 

8 

813 

817 

62 

38 

8S7 

891 

91 

9 

816 

820 

61 

39 

SS9 

893 

90 

10 

818 

822 

60 

40 

892 

896 

89 

11 

821 

825 

59 

41 

894 

S9S 

88 

12 

823 

827 

58 

42 

896 

900 

87 

13 

826 

830 

57 

43 

■899 

903 

86 

14 

82S 

S32 

56 

44 

901 

904 

85 

1 5 

831 

835 

55 

45 

903 

906 

84 

16 

834 

83S 

54 

46 

905 

90S 

83 

17 

836 

840 

53 

47 

907 

910 

82 

18 

839 

843 

52 

48 

909 

912 

si 
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Chap. IV. 


ICO Parts. 

| Sp. Gravity. 

|< ioo Parts. 

| Sp. Gravity. 

Alcoh 

Wat. 

at 68°. 

at 6o°. 

Alcoh 

Wat. 

at 68°. 

at 6o°. 

40 

60 

936 

939 

19 

81 

974 

975 

39 

61 

938 

941 

18 

82 

976 


38 

62 

940 

943 

17 

83 

977 


37 

63 

942 

945 

16 

84 

97S 


36 

*64 

944 

947 

15 

85 

980 


35 

65 
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949 

14 

86 

981 


34 

66 
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951 

13 

87 

983 


33 

67 
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12 

88 
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32 

08 
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11 

89 

986 


31 

69 
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957 

10 

90 

987 


30 
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958 

9 

91 

988 


29 

71 

957 

960 

8 

92 

989 


28 

72 

959 

962 

7 

93 

991 


27 

73 

961 

963 

6 

94 

992 


26 

74 

963 

965 

5 

95- 

994 


25 

1 75 

965 

967 

4 

96 

995 


24 

76 

966 

968 

3 

97 

997 


\23 

77 

968 

970 

2 

98 

998 


22 

78 

970 

972 

1 

99 

999 


21 

79 

971 

973 

_ 

100 

1000 


20 

80 | 

973 1 

974 






The importance of this object, both for the purposes 
of revenue and commerce, induced the British Govern- 
ment to employ Sir Charles Blagden to institute a very 
minute and accurate series of experiments. An account 
of these was published by Blagden in the Philosophi- 
cal Transactions for 1790 ; and a set of Tables, exhi- ^ » * 

9 Cjriipm * ta* 

biting the result of them, was drawn up by Mr Gilpin, hlei, 
who had performed the experiments, and published in 
the Philosophical Transactions for 1794. The follow- 
ing Table, extracted from these, contains the specific 
gravity of different mixtures of alcohol and water a$ 

VqL JL D d 
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every 5° of temperature from 30° to 100°. The al- 
cohol employed as a standard was of the specific gravi- 
ty 0*825 at the temperature of 60° ; and was composed, 
according to the experiments of Mr Gilpin, of 100 
parts of alcohol of the specific gravity 0*814 and 4*5 of 
water. From the preceding Table, we see that alcohol 
of e S25 is composed of 89 pure alcohol 

11 water 
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By the excise laws at present existing in this conn- Chap. IV. 

' .... ° < — — y 

try, the duty on spirits is levied by the bulk, estimated 
at a particular strength, to which all spirits of whatever 
strength are brought by means of a set of tables calcu- 
lated. This strength is regulated by a very inconveni- 
ent hydrometer, invented in 1730 by Mr Clarke*, 
since which time it has undergone various changes and 
improvements- This instrument was adapted to a very 
absurd kind of language, which had previously come into 
common use among dealers, and seems from them to 
have made its way into the excise laws. A mixture of 
equal bulks of alcohol and water was called proof spi- 
nty and sometimes double spirit. Clarke’s hydrometer 
consists of a thin copper ball, terminating above in a 
flat, slender stem, and below, in a metallic button, to 
keep it perpendicular. It is so light as to swim in pure 
alcohol. There is a mark upon the middle of the stem ; 
and small weights accompany the instrument, to be put 
on in order to suit the various temperatures of the li- 
quid. There is a iveight marked proof, so adjusted 
that when it is placed upon the stem along with the 
proper weight for the temperature, the stem sinks till 
the mark on the middle of it is on a level with the sur- 
face of the liquid. 

From an act of parliament passed in 1162, we learn 
that, at the temperature of 60° 9 the specific gravity of 
proof spirit ought to be 0 * 916 - But Clarke’s hydro- 
meter, loaded with the proper weights, sinks to the 
mark indicating proof in spirits of the specific gravity 
0 * 920 , at the same temperature. From the table of 


^ See the first description of it in It. u f . Trans. 1:730, vol. xsxvi. p. 277. 
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towvz, given above, we learn that a mixture of equal 
weights of water and pure alcohol has the specific gra« 
vity *917 at 60°. The legal proof spirit differs but lit- 
tle from this; Clarke’s proof consists of 49 parts of 
pure alcohol and 51 of water. The near coincidence 
of these numbers to the truth, indicates a considerable 
approach to accuracy- Had Sir Charles Blagden made 
choice of an alcohol of *800 for his standard, the speci- 
fic gravity of proof spirit would have been found to de- 
viate very little from that of Clarke. But if by proof 
spirit were to be understood equal lute t of water and 
alcohol, as was doubtless the case, then both the legal 
and Clarke’s proof differ very far from the truth. 

The strength of spirits stronger than proof, or over* 
proof as it is termed, is indicated on Clarke’s hydrome- 
ter by the bulk pf water necessary to reduce a given 
bulk of spirits to the specific gravity denominated proof. 
Thus, if one gallon of water be required to bring 20 
gallons of the spirits to proof, it is said to be one to 20 
over proof ; if one gallon of water be necessary to bring 
15, 10, 5, or 2 gallons of the spirits to proof, it is 
said to be one to 15, one to 10, one to 5, one to 2 
respectively, over proof, and so on. 

The strength of spirits weaker than proof, or under 
proof, is estimated by the quantity of water which it 
would be necessary to abstract, in order to bring the 
spirits in question up to proqf. Thus, if from 20 gal- 
lons of the spirits one gallon of water must be abstract- 
ed to bring it to proof, it is said to be one in 20 under 
proof; if from 15, 10, 5, 2, &c. gallons of the spi- 
rits, one gallon of water must be abstracted to bring it 
to proof, it is said to be respectively one in 15, one i$ 
10, one in 5, one in 2, Sec, under proof 
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The following Table points out the specific gravity 

Chap. IV. 

af spirits of the various 

strengths indicated by Clarke’s 

¥ 

hydrometer at the temperature of 60°*. 


Degrees. 

1 in 2.*. 

Sp» gravity. 

Degrees of 

Clarke'shy- 

drometer- 

1 — 3... 


X— 4... 



1 — 5... 



1 — 6... 



1 — 7, m 

Q364* 


l — 8... 



X — 9... 



1 — 10... 

9320 


1 —15... 



„ 1 — 20... 

.0265 


Proof...... 



X to 20 ... 




1 — 15 9135 

1 — 10 .. ......9107 

X — 9 9003 

1 — S....... 9071 


JL 

1 ~ 

- 6 

...9006 

X- 

- 5.. 


1 — 4 


1 - 

- 3 


1 — 2 


Alcohol....... 



To remove all confusion from the duties on spirits,, 
they ought to be levied by the weight, and not by the 
bulk. This might be done with sufficient accuracy 


^Wilson’s Table*, p. i „ 
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Book II- 
Divfsion If. 


Action of 
air and oxy- 
gen on alco- 
hol 


either by actual weighing, or by constructing tabled 
indicating the weight from the bulk and specific gra- 
vity. 

5 . Neither common air nor oxygen gas has any ac- 
tion on alcohol in moderate temperatures, whether in 
the liquid or gaseous state ; but in high temperatures 
the case is different. When set oti fire in the open air 
it burns all away with a blue flame, without leaving 
any residuum. Boerhaave observed, that when the va- 
pour which escapes during this combustion is collected 
in proper vessels, it is found to consist of nothing but 
water. Junker had made the same remark : and Dr 
Black suspected from his own observations, that the 
quantity of water obtained, if properly collected, ex- 
ceeded the weight of the alcohol consumed. This ob* 
nervation was confirmed by Lavoisier ; who found that 
the water produced during tjfee combustion of alcohol 
exceeded the alcohol consumed by about 4th part*. Mr 
Saussure junior has shown that 100 parts of alcohol 
when burnt, yield 132 parts of water f. A proof that 
it contains a considerable proportion of hydrogen as a 
constituent. 

When the vapour of alcohol is mixed with oxygen 
gas in the proper proportion, the mixture detonates 
when presented to a lighted taper, or when fired by 
electricity, as a mixture of oxygen and hydrogen gases 
do. This fact seems to have been first observed by 
Dr Ingenhcusz, or at least liis experiments on ether 
appear to have led to itj. The density of the vapour 


* iW. 493. 

■f Nicholson*. Journal , xxL 263. 

t- ‘"'ce hh Extisrisnses el Gl'ser'vJlhm sur divers Objds de Flys, p. i 3 - 
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of alcohol is considerable, and hence the quantity of 
oxygen necessary to consume it is great. The pro- 
ducts of the combustion are water and carbonic acid # . 

6. Alcohol has but little action on the simple com- 
bustibles. * On hydrogen, carbon, and charcoal, it does 
not appear to have any effect. 

It dissolves a little phosphorus when assisted by heat. 
This phosphorized alcohol exhales the odour of phos- 
phureted hydrogen gas- When a little of it is dropt 
into a glass of water, a flame instantly makes its ap- 
pearance, and waves beautifully on the surface of the 
water f. This phenomenon, which is occasioned by 
the emission of a little phosphureted hydrogen gas, 
can only be observed when the experiment is performed 
in a dark room. 

When sulphur and alcohol are brought into contact 
ill the state of vapour, they combine and form a reddish 
coloured liquid, which exhales the odour of sulphureted 
hydrogen. This compound was first formed by the 
Count de Lauraguais, who employed the following pro- 
cess. Some flowers of sulphur were put into a large 
glass cucurbite, having a glass vessel in its centre con- 
taining alcohol. A head was adjusted, the cucurbite 
placed in a sand-bath, and heat applied. The sulphur 
was volatilized, and the acohol converted into vapour at 
once. These meeting together in the head, united and 
formed the red liquor wanted t. It was supposed by 


Chap. IV. 


Phosphu- 
reted alco- 
hoi. 


Sulphuret- 
ed alcohol 


# Cruihshai.'ks, Nicholson’s Quarto Jour. v. 20J. 

-f- Brugnatelii, Ann. de Ginn. xxiv. 71. This experiment was first made 
by Boyle. See Shaw’s Boyle s in. 196. 

.. % Mfjx. Pur. 17 58, p. 9. 
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Eanhi, 


COMPOmn> COMBUSTIBLES. 

chemists that sulphur cannot be dissolved in alcohol* 
except by a similar process * $ but from the late expe*» 
riments of Favre, this does not appear to be the case f. 
He digested, during 12 hours, one part of flowers of 
sulphur in eight parts of alcohol, of the specific gra- 
vity 0*837, in a heat not sufficient to produce boiling* 
The alcohol assumed a yellow colour, and acquired the 
smell and taste of sulphureted hydrogen. Another por- 
tion of the same alcohol was digested for a month, cold, 
on sulphur. The effect was the same. On trying aL 
cohol of various strengths from ’SJ.7 to *867, he found, 
that the alcohol acted with more energy in proportion 
to its strength. 

The sulphureted alcohol prepared by Lauraguais* 
method, contains about ^D-th of sulphur. The sulphur 
is precipitated by water. 

7* Alcohol dissolves the fixed alkalies very readily, 
and forms with them a reddish- coloured acrid solution. 
It is from this solution only that these alkalies can be 
obtained in a state of purity. When heat is applied to 
it the alcohol may be distilled over. It appears how- 
ever, to be partly decomposed j but the nature of the 
products has not been accurately ascertained. Ammo- 
nia also combines with alcohol with the assistance of 
heat: but at a temperature somewhat below the boil- 
ing point of alcohol, the ammonia flies off in the state 
of gas, carrying with it, however, a little alcohol in so- 
lution. 

8. None of the earths are acted upon by alcohol, un~ 


* the Elemem de Chymie of the Dijon Academy, ii i. % Fowtrcroy 
Qtnminansti C by minuet, via. f Gchleilhs JWjr- ii. 343. 
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«s$ strontian and barytes be excepted. It absorbs a- 
bout its own weight of nitrous gas, which cannot after- 
wards be expelled by heat J. 

9* Of the acids, the sulphuric, nitric, and oxymuri- 
atic, decompose alcohol ; but all the other acids are so- 
luble in it, except the metallic acids, phosphoric acid, 
and perhaps also prussic acid* 

10. Alcohol is capable of dissolving a great many 
saline bodies. A considerable number of these, with 
he quantities soluble, is exhibited in the following 
Tables *. 


Chap IV. 


Adds, 


Salts* 


I. Substances dissolved in large Quantities. 


Names of the Substances. 

Tempera- 

ture. 

340 parts of Al- 
cohol dissolve 

Oxy sulphate of iron 

Nitrate of cobalt + 

54*5° 

240 parts 

copper f ......... 

54*5 

240 

alumina f 

54*5 

240 

limej 


300 

magnesia f 

180*5 

694 

Muriate of zinc f .. 

54*5 

240 

alumina f ....... 

54*5 

240 

magnesia f ..... 

180*5 

1313 

iron f 

180*5 

240 

copperf 

180*5 

240 

Acetate of lead f 

154*5 

240 

copper § .... 

Nitrate of zinc decomposed - 



iron decomposed + 
bismuth decomposed f 



t Priestley, i 379. 

* Morveau, Jour, dt Toys. 1785. 

| Withering, PbiL Trans. Ixxii. 336* 
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II. Substa?ices dissolved in small Quantities,, 




Muriate of lime f 

240 parts 

Nitrate of ammonia f 

214 

Oxymuriate of mercury 

212 

Succinic acidf 

177 

Acetate of soda f ............. 

112 

Nitrate of silver f ............ 

100 . 

Refined sugar + ............... • 

50 

Boracic acid f 

48 

Nitrate of soda + 

23 

Acetate of copper f • 

18 

Muriate of ammonia f ....... 

17 

Superarseniate of potash f ... 

0 

Oxalate of potash f 

7 

-Nitrate of potash + ! 

5 

Muriate of potash f 

5 

Arseniate of soda f j 

4 

White oxide of arsenic f .... 

3 

Tartrate of potash f 

Nitrate of lead § 

j Carbonate of ammonia § .... 

1 


III. Sul stances insoluble in Alcohol \ 


Sugar of milk 

Sulphate of potash f 

Borax f 

soda f 

Tartar f 

magnesia f, 

Alum f 

Sulphite of soda 

Sulphate of ammonia f 

Tartrate of soda and 

lime f 

potash 

"barytes § 

Nitrate of mercury + 

iron f 

Muriate of lead f 

copper f 

silver J 

silver f 

Common salt f 

mercury f 

Carbonate of potash 

zinc f 

.soda 
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These experiments were made chiefly by Macquer Chap . IV. 
and Wenzel The alcohol employed by Macquer was 
of the specific gravity 0 * 840 . Wenzel does not give 
the density of his alcohol ; but as he compares it with 
that of Macquer, we may suppose it nearly of the same 
strength. As the solubility of salts depends upon the 
strength of the alcohol employed, the experiments of 
these chemists must be considered as defective, because 
they have confined themselves to one particular density. 

This defect is in part supplied by the following very 
valuable Table of Mr Kir wan’s, constructed from his 
own experiments f. 


* Verzvandtschaft , p. 300. The solubility of all the salts marked f 
was ascertained by Wenzel ; those marked by Macquer ; and those 
marked by Withering. 

f On. Mintral Wafers , p. 374* 
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division °T Solubility of Salts m 100 parts of Alcohol of different 

Densities * 


Salts. 

j Alcohol of j 

0*900 

0*872 

00 

00 

6 

CO 

GO 

O 

0*817 

Sulphate of soda 

O’ 

0* 

o- 

0* 

0* 

Stilph. of magnesia 

1* 

1 * 

o- 

0* 

0* 

Nitrate of potash 

2-76 

1* 


0* 

0 

Nitrate of soda 

10*5 

6‘ 


0*38 

0* 

Muriate of potash 

4*62 

1*66 


0*38 

0* 

Muriate of soda 

5-8 

3*67 


0*5 


Muriate of ammon. 

6*5 

4*75 


1*5 


Muriate of magne- 
sia dried at 120° 

21*25 


23*75 

36*25 

50* 

Muriate of barytes 
Ditto crystallized 

" 

1* 

1*56 


0-29' 

0*43 

0*185 

0*32 

c-og 

0*06 

Acetate of lime 

2*4 


4*lJ 

4*75 

4*88 


Ira Same When alcohol containing certain saline bodies in so- 
tinned by lution is set on fire, its flame is often tinged of different 
colours according to the body. Thus nitrate of strontian 
tinges it purple 5 boracic acid and cupreous salts tinge 
it green ; muriate of lime gives it a red colour ; nitre 
and oxymuriaie of mercury a yellow colour® 




alcohol.* is’SS 

11* Different opinions were entertained By chemists ( ^ a P vl 1 ^ 

J t — — y — a i awaaff 

Mbout the nature of alcohol. Stahl thought that it was Compvsi- 
jfeo reposed of a very light oil, united by means of an acid tlon ‘ 
to a quantity of water; According to Junker^ it was 
composed of phlogiston* combined with water by means 
of an acid. Cartheuser, on the other hand, f affirmed that 
it contained no acid* and that it was nothing else than 
pure phlogiston and water; But these hypotheses were 
mere assertions supported by no proof whatever. La- 
voisier was the first who attempted to analyse it. 

He set fire to a quantity of alcohol in close vessel^ 
by means of the following apparatus : BCDE (fig. 13.) 
is a vessel of marble filled with mercury. A is a strong 
glass vessel placed over it, filled with common air, and 
capable of containing about 15 pints (French). Into 
this vessel is put the iamp R filled with alcohol* the 
weight of which has been exactly determined; On the 
wick of the lamp is put a small pafticle of phosphorus; 

The mercury is drawn up by suction to the height IH; 

This glass communicates by means of the pipe LK with 
another glass vessel S filled with' oxygen gas* and placed 
over a vessel of water T. This communication maybe 
shut up at pleasure by means of the stop-cock M. 

Things being thus disposed/ a crooked red hot iron 
wire is thrust up through the mercury, and made to 
touch the phosphorus; This instantly kindles the wick, 
and the alcohol burns. As soon as the flame begins tot 
grow dim* the stop^cock is turned, and a communica- 
tion opened between, the vessels and A ; a quantity 
of oxygen gas rushes in* and restores the brightness of 
the flame. By repeating this occasionally, the alcohol 
janav be kept burning for some time. It goes out* how- 
VoL II. Ee 
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BVsion II ever > at * ast > notwithstanding the admission of oxygen 

The result of this experiment, which Mr Lavoisier 
repeated a great number of times, was as follows : 

Alcohol consumed 76*7083 grains troy 

Oxygen gas consumed,,... 90* ^ On o 

* Total 167*2143 

After the combustion, there was found in the glass 

vessel 115*41 cubic inches of carbonic acid gas, the 
'weight of which was 78*1 192 grains troy. There wask 
likewise found a considerable quantity of water in the 
vessel, but it was not possible to collect and weigh it. 
Mr Lavoisier, however, estimated its weight at &9~095I 
grains ; as he concluded, with reason, that the whole 
€>f the substances employed were still in the vessel. 
Now the whole contents of the vessel consisted of car- 
bonic acid gas and water ; therefore the carbonic acid 
gas and water together must be equal to the oxygen gas 
and alcohol which had: been consumed. 

•* But 78*1192' grains of carbonic acid gas contain, ac- 
cording to Mr Lavoisier’s calculation *, 55*279 grains 
of oxygen : 90*506 grains, however, of oxygen gas had 
disappeared ; therefore 35-227 grains must have been 
employed in forming water. 

35*227 grains of oxygen gas require, in order to form 
water, 6*03 S grains of hydrogen gas ; and the quantity 
of water formed by this combination is 41*265 grains. 
But there were found 89 095 grains of water in the 
glass vessel r therefore 47*83 grains of water must havs- 
existed ready formed in the alcohol. 


* Mem. Par . r ySr- 
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It follows from all these data, that the 76‘1(lB2S grains 
of alcohol, consumed during the combustion, wereeom- 
posed of. .......... . 22*48 carbon 

6*03 hydrogen 
47*83 water 

76*7 * 

* Such were the Consequences which Mr Lavoisier dreW 
from his analysis. He acknowledged* however, thaf 
there were two sources of uncertainty, which rendered 
his conclusions not altogether to be depended upon'.* 
The first was, that he had no method of determining 
the quantity of alcohol consumed, except by the diffe- 
rence of weight in the lamp before and after combust 
tioh ; and that therefore a quantity might have evapo- 
rated without combustion, which, however, would be 
taken into the sum of the alcohol consumed. But this 
error could not have been great ; for if a considerable 
quantity of alcohol had existed in the state of vapour 
in the vessel, an explosion would certainly have taken 
place. The other source of error Was* that the quanti- 
ty of water was not known by actual weight, but by 
calculation. 

To this We rhay add, that Mr Lavoisier was ftot war- 
ranted to conclude from his experiment, that the watef 
found in the vessel, which had not been formed by the 
oxygen gas used, had existed in the alcohol in the state 
of water: he was in titled to conclude from his data* 
that the ingredients of that water existed in the alcohol 
"before combustion ; but not that they were actually 


♦ Mem, Par . 

E e 2 
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combined in the state of water, because that combina« 
tion might have taken place, and in all probability did 
partly take place, during the combustion. 

The alcohol employed by Lavoisier was of the speci- 
fic gravity 0 * 8293 . Hence it contained 13 per cent . of 
water. If we subtract this portion of water, and make 
the requisite corrections, we shall have the constituents 
of alcohol indicated by the preceding analysis nearly as 

follows 49 oxygen 

34 carbon 
17 hydrogen 

100 

A result certainly far from the truth. From the ex- 
periments of Cruikshanks, made by detonating a mix- 
ture of the vapour of alcohol and oxygen gas, it follows, 
that in alcohol the proportion of carbon is to that of hy- 
drogen as nine to one *. But this is not sufficient to 
give us the component parts of alcohol with precision. 

The subject has been lately resumed by Saussure ju- 
nior, who has published a very elaborate set of experi- 
ments on the analysis of .alcohol. The alcohol which 
he employed was obtained by Richter’s process, and, of 
course, of the specific gravity * 792 , at the temperature 
of 68°. He employed three different methods of ana- 
lysis ; the first method was similar to that of Lavoisier. 
He burnt a quantity of alcohol in common air mixed 
with oxygen gas, and ascertained the weight of alcohol 
and oxygen consumed. The only sensible products 
were carbonic acid and water, the first of which he 


* Nicholson’s Journal , v„ 105, 
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measured, and the second he calculated. The follow- Chap. 

• • l— -y 

ing is the result of his experiment : there were con- 
sumed 35+ grains of alcohol, and 129*83 cubic inches 
of oxygen gas, while 77*87 cubic inches of carbonic 
acid gas were formed*. From this experiment, calcu- 
lating in the usual manner, he -deduced that alcohol is 

composed of oxygen 47*296 

carbon 36*S90 
hydrogen 15*814 

100*000 + 

He found, that when a considerable quantity of alcohol 
was burnt, and the water formed collected, it contained; 
a portion of ammonia. Hence he concluded that azote 
is one of the constituents of alcohol. 

His second method of analysis was to mix the vapour 
of alcohol with oxygen gas when the thermometer 
stood about 70°, and to detonate the mixture by means 
of electricity. He estimated the quantity of alcoholic 
vapour present by means of Mr Dalton’s formula, ex- 
plained in another part of this Work. To make the 
mixture capable of detonating, he was obliged to add a 
small quantity of hydrogen gas. The result of the ex- 
periment was, that 18*19 grains of alcohol in the state 
of vapour consumed 75*88 cubic inches of oxygen gas. 

There were formed 46*69 cubic inches of carbonic acid 
gas, together with a portion of water. From these da- 
ta he calculated the component parts of alcohol as fol- 
lows : 


* The weights and measures mentioned in these experiments arc 
french. 

f Nicholson’s Jour, xxh %2S* 
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oxygen 3 7’36 
carbon 46*82 
hydrogen 15*82 

100*00 * 

This result differs from the preceding, and ought to be 
piore accurate. It deviates, however, very far. from the 
conclusions drawn by Cruikshanks from a similar set 
pf experiments. 

The third, method of analysis was to decompose the 
alcohol by passing its vapour through a red hot porce^ 
Iain tube: the products were a little charcoal, a little 
pil, partly in crystals, partly fluid, a portion of water 
holding in solution acetic acid, ammonia, and another 
acid which resembled benzoic, and a great quantity of 
heavy inflammable air, to which Saussure gave the 
pame pf oxycarbureted hydrogen gas, and which, front* 
his analysis, he considered as a quadruple compound of 
pxyg*en ? carbon, hydrogen, and azote. The following 
is the composition of alcohol as deduced from that ana- 
lysis oxygen 37*86 

carbon 43*65 

hydrogen 14*94 
a^ote 3*52 

ashes 0*0^ 

100*00 f 

These results, though probably as exact as the present 
State of ou r knowledge will enable us to go, are not to 
]>e considered gs exact. The absolute alcohol of Rich* 


f Nichohon’s Jour* axi. zjg. 



f Ibid, p. zAf. 
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doubtless contains a portion of water ; and our igno- 
rance of the quantity renders every attempt to analyse 
alcohol uncertain. I do not consider the analysis of the 
•oxy carbureted hydrogen as made by Saussure to be ex- 
act. The proportion of azote which he infers was pro- 
bably an error in the experiment. The presence of 
ammonia, however, in the water from alcohol, seems to 
be a proof that azote actually exists in alcohol, though 
the proportion of it is so small that it may have been 
derived from some foreign body accidentally present. 

That it contains oxygen, has been proved by a very 
ingenious set of experiments performed by Messrs Four- 
croy and Vauquelin. When equal parts of alcohol 
and sulphuric acid are mixed together, the sulphu- 
ric acid suffers no change ; but the alcohol is decom- 
posed, being partly converted into water and partly 
into ether. Now it is evident that the alcohol could not 
have been converted into water unless it had contained 
oxygen *. 


Chap. IV. 


SECT. II. 

OF ETHER. 

W hen alcohol is mixed with sulphuric acid and se- 
veral other acids, and the action of the acid is assisted 
J>jr heat, the alcohol is decomposed, and converted partly 


* Nicholson’s Jour, i, 391. 
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Into a very light volatile fragrant liquor, known by the 
name of ether. The properties of the ether obtaine<f 
ltbe£ eS * ajre supposed to vary a little according to the acid em- 
ployed ; accordingly every particular kind is distin* 
guished by the acid used in its preparation. Thus 
the ether obtained by means of sulphuric acid is called 
sulphuric ether ; that by means of nitric acid, nitric 
ether. It will be proper tp cqnsi.der each pf these spe- 
cies separate^. 


I. Sulbrdric Ether* 


The method of making sulphuric ether is described 
in the dispensatory pf Valerius Gordus, published at 
Nuremberg about the year 1540 ; from which Conrad 
Cresner transcribed it into his Ihesaurys Eucnymi de Re - 
mtedlis Secretis , published in 1552, where it is called 
Oleum Vitriqli dulce * . ft appear^ tp haye been known. 


* Whoever •will consider t^e formula given for preparing this Oleum, 
Vitriak dulceh y Gesner, will be satisfied that it w-s very different from 
the duldjud acids of the moderns, and that it musr have been a mixture of 
alcohol , ether, and sweet oil of lyine. The following is the passage of Ges- 
ner, as quoted by Hoffman, from whom has been taken the historical 
facts respecting the knowledge of ether possessed by the alchymisticai 
waiters. 4C Recipe vi?ii ardentis acerrimi 3c ter. suhlimati unciasjj quinque, 
olei vitrioli austeri tamundem, misce in venetiano vitro, £c pone |in cu- 
ewrbitam parvam angusto orificio, & luto optimo orificium claude, di- 
mitte ita per iqtegrum mensem apt duos. Ueinde effunde in cucurbi- 
tam, tui sit immediate annexum alembicum, aijus figtiram subjiciemus, 
ponedeinde in parvam fornac^m, ac dimidiam ejus partem cinere obrue* 
postea applica recipientem 8c luto jnneturam claude diligenter, & extrahe 
pneias sex vini ardentis qua? infudisp. Ut vero tutius hoc fiat, pone in 
^ahoeum Mariae ; sic solum vinum ab-que oleo ascendet. Cum e/traxeri^ 
per balneum infu$as v yricias sex vini uati, pone id, quod residuum 
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itiosgh not in a state of parity, both to Basil Valen- 
tine and Paracelsus. But in the writings of chemists 
published about the end of the 17th century, I have not 
been able to find any traces of it *, except in those of 
Mr Boyle. He was evidently acquainted with it, as ap- 
pears from different passages of his writings +, though 
he no where describes it particularly. But it was a pa- 
per in the Philosophical Transactions for 1730, by a 
German who called himself Dr Frobenius, describing 
several of its most singular properties, that first drew 
rhe attention of chemists to this curious liquor J. In this 
paper it first received the name of ether . The German 
chemists long distinguished it by the name of naphtha . 

1 . Sulphuric ether is usually prepared by the follow- 
ing process ||s A mixture of equal parts of alcohol and 


est, iri fornacem, ut arena mediam cucurbits partem attingat, ac novo Sc 
vacuo recipiente eoque noil magno applicato, Into juncturam diligentcr 
claude. Accende deindc modestum ignem, & sensim extrahe omnem 
huniiditatem quae rclicta est in cucurbita, donee nihil humidi amplius in 
fundo appareat; adhibita semper maxima cura & diligentia, ut ignem ita 
modereris, ne ebulliat usque ad aienibici canalem. Nam si hune ebulli- 
tio attigerit, sedare non potes, neque prohibere, quin in receptaculum 
egrediatur, ac totum oleum perdat ; solet enim facillune ebullire. Turn 
videbis duo contir.eri in eo, aqueum videlicet humorem ac pinguem ; se- 
gregabis vero unum ab altero statim, ita ut nihil aqueum in oleo relin- 
quatur, nam aqua ilia oleum corrympit; segregatum oleum usuireserva.** 
* The Olpum Fitrioli dulcc of Lemery, for instance, is very different 
from that described by Gesner. (§ee his Court de CbyvAe , p.502.) 

f See Shaw’s Boyle, i- 530. and i. 269 ; where the process for making 
ether, and some of its most remarkable properties, are detailed ’at length. 

$ Phil. Trans . xxxvi. 283. This paper is little else than a rhapsody in 
the alchyniistical style. At the end of it there is a note by Mr Godfrey- 
(Hankwitz), Mr Hoyle’s operator, mentioning the experiments formerly 
made upon it by Mr Boyle and Sir Isaac Newton. 

|| Frobenius* process was first published in the Philosophical Transact 
tiops, Ypl. xli. 
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Book IT. sulphuric acid is put into the retort, to which a large 
g - ^ r receiver is then luted. It is proper to surround the re- 

ceiver with ice, or at least with cold water. Heat is 
applied ; and as soon as the mixture boils, the ether 
comes over and is condensed, and runs in large striae 
down the sides of the receiver. As soon as it amounts 
to one half of the alcohol employed, the process must 
be stopt. The ether thus obtained is not quite pure, 
almost always containing a little sulphurous acid. 

This acid may be separated by pouring the ether 
on a little potash, and distilling it over again by means 
of a moderate heat. Mr Diae affirms that black oxide 
of manganese produces this effect still more completely 
than potash* All that is necessary is to mix a quanti- 
ty of this black, oxide in powder with the impure ether, 
and to let it remain for some time, agitating it occasion- 
ally. The sulphurous acid is converted into sulphuric, 
and combines with rhe manganese. The ether is then 
to be distilled over by the heat of a water bath*. 

The separation of the liquid from the sulphurous 
acid, with which it is mixed, is called the rectification 
of the ether. The usual method, and I may add the 
best, is the following, first employed by Mr Wolfe: 
Fill three-fourths of a bottle with the impure ether, 
add a little water and a portion of slacked lime. Agi- 
tate the bottle with violence, and keep it for some time 
in water before taking out the cork. If the smell of the 
acid be not removed, add a little more lime, and agi- 
tate a second time. Decant off the ether into a retort, 
and distil it over fe 


* Jour, de IBjs, xhl 29 £» 


■} Proust, Ann, de Chim* xlii. 256^ 
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The ether procured by this process is not quite purs, Chap, IV. 
even after all the acid has been removed. The first 
portion of liquid that comes over during the distillation ; 

is merely alcohol impregnated with a little ether. Com*, 
mon ether is in reality a mixture of ether and alcohol. 

The usual method of separating this liquid is by mixing 
the ether with water, and then proceeding to distillation 
with a very moderate heat. But MrLowitz has shown 
that this method does not succeed. The following pro- 
cess yielded him an ether much purer than any that had 
been previously obtained. Into 16 parts of ether, of the 
Specific gravity *775 in the temperature of 60°, he threw 
dry powdered salt of tartar, till the last portions were 
no longer wetted by the liquor. The mixture being al- 
lowed to digest, the ether was then drawn off. Its spe- 
cific gravity was now only By this means it was 

deprived of the water which it contained. To remove 
the alcohol, dry powdered muriate of lime was thrown 
into the liquid in the same manner, as long as it would 
dissolve. On standing, the mixture separated into two 
portions ; the alcohol holding the salt in solution sunk 
to the bottom j the ether swam on the surface. When 
separated from the inferior liquor, its specific gravity 
Was now only *632 in the temperature of 60°. It tvas 
therefore much purer than any former ether described 
by chemists, since it never before had been procured 
lighter than 0*725 *. • The ether thus prepared con- 
tains a little of the salt, from which it may be freed by 
distillation. But in that case its specific gravity in^ 


feJe.OWi Cre}l*« Annals* 1 796, i. 439* 
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Division creases ' The reason seems to be, that the purest por«* 
*— -v-~ tion of the ether assomes the form of elastic fluid. 
Properties 2. Ether thus obtained is a limpid and colourless li- 
quor, of a very fragrant smell, and a hot pungent taste- 

It is so volatile that it can scarcely be poured from 
one vessel to another without losing a considerable por- 
tion of it by evaporation. When poured out in the 
open air, it disappears in an instant; and during its eva- 
poration produces a very considerable degree of cold. 
If a glass vessel containing water, and surrounded with 
a cloth, be dipt into ether, two or three times, and the 
ether each time be allowed to evaporate from the cloth, 
the water in the glass freezes. In the open air ether 
boils at <}S% and in a vacuum at — 20°. Were it not 
therefore for the pressure of the atmosphere it would 
always exist in the gaseous state. 

When exposed to the open air it speedily assumes 
the gaseous form. This happens, for instance, if a 
little of it be poured into a glass phial. The vapour 
of ether displaces a considerable portion of the air of the 
phial, and is not soon dissipated. Ingenhousz has 
shown that the specific gravity of this vapour is very 
considerable *. 

Mr Dalton has found it 2*25, the specific gravity of 
common air being l. According to the estimate of 
Satlssure at the temperature of 724-% two French ounces 
of ether, when converted into vapour, occupy the space 
of about a French cubic foot f. If this estimate be cor- 
rect, 100 cubic inches of etherial vapour at that tern- 


* See his NcuvclUt Experiences^ p. l8o. 
f Nicholson’s Jour. xxi. 335. 
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perature weigh only 45*15 grains troy, which would Chap. 1V-* 
make its specific gravity only 1’45. This estimate is 
greatly below that of Mr Dalton, and in all probability 
below the truth. 

Ether, when exposed to a cold of— 45°, freezes and 
crystallizes f . 

3. Neither oxygen gas nor common air produce any 
effect upon ether in moderate temperatures; but in high 
temperatures the case is very different. Ether is ex- . 
ceedingly inflammable, and when kindled in the state 
of vapour burns with rapidity, with a fine white flame* 
and -..leaves behind it a trace of charcoal. During its 
combustion carbonic acid is generated. How well so- 
ever it has been rectified, it always exhibits traces of 
sulphuric acid 

When ether is admitted to any gaseous body stand- 
ing over mercury, it always doubles the bulk of the 
gas, as Dr Priestley first observed. If oxygen gas, 
thus expanded by ether, be presented to a lighted candle, 
the ether burns with great rapidity, b\it produces no 
explosion. But if one part in bulk of this expanded 
oxygen be mixed with three parts of pure oxygen gas, 
and kindled, a very loud explosion takes place : the 
products are water and 24- parts of carbonic acid *, Mr 
Cruikshanks, to whom we are indebted for this instruc- 
tive experiment, ascertained, that one part ofthe vapour 
of ether takes Q ' 8 parts of oxygen gas to consume it 
completely ; and from the relative proportions of the 


•j* Fourcroy and VaucpieKn, Ann. de Cbim . xxix. 
t Scheele, ii. 108. 

* Cruiksh&nks, Nicholson's Journal) v. 305., 
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two products, lie has shown that the carbon which eth^r 
contains is to its hydrogen as live to one. 

According to Dalton, one part of ether by weight re- 
quires for its combustion 3 parts of oxygen ; the pro- 
ducts are i-J parts of water, and 2f of carbonic acid J. 
Saussure junior has lately endeavoured to ascertain the 
constituents of ether, by mixing a known quantity of 
etherial vapour with oxygen gas, detonating the mix- 
ture, and estimating the proportion of oxygen consumed 
and of carbonic acid formed. The following is the re- 
sult of his experiments. Ether is composed of 
carbon 58*2 
hydrogen 22*14 
oxygen 19*66 

100*00 [] 

What renders this result not to be implicitly depend- 
ed on is, the probability that the ether of Saussure, which 
was of the specific gravity 0*717, still contained a por- 
tion of alcohol. We see from it, however, that sulphu- 
ric ether contains much less oxygen and much more 
carbon and hydrogenthan alcohol. 

Ingenhousz was the first who ascertained that the va- 
pour of ether detonates with common air and oxygen 
gas. His account of the experiment was first published 
in a letter to Dr Priestley, in one of the original vo- 
lumes of that philosopher on Air , and likewise in the 
69 feh volume of the Philosophical, Transactions. His 
method was exceedingly simple. A single drop of 

t Netv System of Chemical Philosophy , i. 9^ 
g Nicholson’s Journal , xxi. 328, 
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ether, let fall into a bottle holding about 3 0 cubic inches Chap , 
of air, gives it the property of detonating. Too much 
ether destroys the detonation. With oxygen gas the 
same method succeeds*. 

When ether in the state of vapour is made to' pass 
through a red hot porcelain tube, it is decomposed com- 
pletely, and a great quantity of carbureted hydrogen 
gas is obtained +. Saussure junior has lately repeated 
the experiment with precision. He passed 1103 parts 
of the ether through a red hot porcelain tube; the pro- 
ducts were as follows : 5^ parts of charcoal in the tube, 

3 parts of volatile oil crystallized in thin scales and 
smelling of benzoin ; 43 parts of a volatile oil nearly 
black, partly fluid and partly of the consistence of ho- 
ney ; 3 parts of water and 948 parts of heavy inflam- 
mable air. The loss amounting to 100'75 parts was 
chiefly owing to the escape of oil in the state of va- 
pour 

4. Ether does not combine with water in any pro- 
portion : when the liquids are shaken together, they se- 
parate ag'ain ; but the water retains a portion of the 
ether, while the ether on the other hand remains united 
to a part of the water. From the experiments of the 
Count de Lauraguais, we learn that ten parts of water 
take up one of ether $. Alcohol, on the other hand,, 
unites with ether in any proportion whatever* 


* See tngenhousz' Experiences, p. 171. 

f Durch Chemists, Jour, de Pfjys. xlv. 1 84. 

| Nicholson’s Journal , xxi. 333. 

§ Mem. Pat. 1758. From his experiments it seems to follow, that, 
the portion taken up by water is not ether, but a substance which Jjiay 
he obtained in crystals by evaporation^ 
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Book IT. 
Division If. 


Actioti of 
acids* 


5* Of the simple combustibles, ether seems to act’ 
only on phosphorus and sulphur. 

Is is capable of dissolving a small proportion of phos- 
phorus. The solution is transparent ; but the addition 
of a little alcohol to it renders it milky. This furnishes 
us with a method of ascertaining whether ether be so- 
phisticated with alcohol %. 

Ether was supposed incapable of acting on sulphur, 
except when both were in the state of vapour, accord- 
ing to the experiments of Lauraguais ; but Favre has 
shown that a solution may be obtained by digesting 
flowers of sulphur in cold ether, and that the solvent 
power of the ether is promoted by exposure to the 
light. By a month’s digestion, he dissolved nearly one 
part of sulphur in 12 of sulphuric ether; the solution 
was nearly colourless, but had the taste and smell of 
sulphureted hydrogen f . 

6. Ether has no action on metals, hut revives those 
that have a weak affinity for oxygen when mixed with 
their solution in acids, as gold and silver. It dissolves 
the muriate of gold and the oxymuriate of mercury 

7. It is probable that it has no action on fixed alka- 
lies and earths; hut it combines, or at least mixes rea- 
dily with ammonia. 

It absorbs nitrous gas in considerable quantity. 

S. Sulphuric acid seems capable of converting it into 
a peculiar kind of oil known by the name of sweet oil 
of wine. 

If we fill a bottle capable of holding three or four 


f Bnignatelli, Ann- de Chim. xxiv. 73 -. 
i Gehlcn’s JW. iv. %Wm 
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English pints with oxy muriatic acid gas, taking care to 
expel the water as completely as possible, and theri 
throw into it about a dram, or half a dram, of good 
ether, covering its mouth immediately with a piece of 
light wood or paper, in a few seconds white vapour will 
be perceived moving circular in the bottle : this will 
be soon followed by an explosion accompanied with 
flame ; at the same time a very considerable quantity of 
charcoal will be deposited, and the bottle will be found 
to contain carbonic acid gas *. The action of the 
other acids upon ether has not been examined with at- 
tention • 

9 . Ether dissolves the fixed and volatile oils, bitu- 
mens, those at least which are fluid, and resins 5 hut it 
does not act upon gum f. 

10 . Chemists entertained various, opinions respecting 
the nature of ether. Macquer supposed that it was 
merely alcohol deprived by the acid of all its water. 
But it was generally believed that the acid entered part- 
ly into its composition. Scheele published a set of ex- 
periments on ether in 1782 j 5 from which he drew as 
a consequence, that during the process the alcohol is de- 
prived of phlogiston. These experiments were varied, 
and carried still farther by Pelletier ; who adopted the 
theory of Scheele, modified according to the discover 
ries of Lavoisier. According to him, ether is alcohol 
combined with oxygen. This theory was embraced by 
the greater number of chemists j and it was supposed 
that the alcohol obtained the new dose of oxygen from 
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* Cruik$hank3, Nicholson’s Jour . v. 205. 
f Element 4c Cbymie by the Dijon Academy, iii. p.313 
t Scheele, ii. 105. 
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Boot II. the sulphuric acid. But the formation of ether 
Division II. ... 

v — ■ been lately examined with much care by Fourcroy and 

Vauquelin. These ingenious chemists have concluded 
from their experiments, that during the process the alco- 
hoi is completely decomposed, and* that ether is com- 
posed of the same ingedients as alcohol, but combined 
in different proportions. Ether, according to them, 
contains a greater proportion of hydrogen and oxygen, 
and a smaller proportion of carbon than alcohol *. 

The theory of these chemists was disputed by Lau- 
detf and Dabit who endeavoured to prove that oxy- 
gen is always necessary for the formation of ether. 
This they did by repeating the experiments on ether 
which had been formerly made by Scheele. They dis- 
tilled a mixture of sulphuric acid, black oxide of man- 
ganese, and alcohol. The sulphuric acid was not de- 
composed, as in common cases, no charcoal was deposi- 
ted, no gas came over, the black oxide lost part of its 
oxygen, and the quantity of ether obtained was greater 
than usual. According to Dabit, ether contains a smal- 
ler proportion of hydrogen, and a greater proportion of 
oxygen and carbon, than alcohol. These objections 
were almost immediately answered by Fourcroy and 
Vauquelin, who proved that ether obtained by means 
of the black oxide of manganese possesses very differ- 
ent properties from sulphuric ether. . Consequently its 
formation and composition cannot destroy their conclu- 
sions respecting the formation and composition of sul- 
phuric ether § * From the preceding analysis of Saus- 


* Ann. de Chim . xxiii. 203, and Nicholson’s Jour. i. 391. 
f Ann. de Cbm . xxxiv. 2S2. $ Ibid, xxxiv. zty 

§ Ibid. 319. 
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friire it follows, that ether contains less oxygen than al- 
cohol, but more carbon and hydrogen. 

Hi As the action of sulphuric acid on alcohol, and 
the formation of ether,* is one of the most interesting 
phenomena in chemistry, and as it may enable ns to 
form more precise ideas, both respecting the composi- 
tion of alcohol and ether, it will be proper to examine 
it with attention < 

When four parts of sulphuric acid and one part of 
alcohol are mixed together, and a moderate heat ap- 
plied, the mixture blackens, boils violently, and a great 
quantity of gas is disengaged* This gas, which was first 
examined by the Dutch chemists,- received from them 
the name of olefiant gas . It has been described in a 
former part of this Work* under the name of super - 
carbureted, hydrogen *. 

What remains in the retort after the disengagement 
of this gas is chiefly sulphurous acid blackened with 
charcoal, and probably" also some vegetable acid. 

When equal parts of sulphuric acid and alcohol are 
mixed together, the phenomena which take place are 
considerably different,* If the mixture be made cau- 
tiously, and allowed to remain at the common tem- 
perature for about 3 0 hours, crystals of oxalic acid often 
form in it f. 

A combination of two parts of sulphuric acid and one 
of alcohol elevates the temperature to 201°, becomes 
immediately of a deep red colour, which changes to & 
black a few days afterwards, and emits a smell percep* 
tibly ethereal. 


* See VoL I. p. 56 « f Cadet, Jour . Je P&ys. 1L jfji- 


Chap. IV. 

Action of 
sulphuric a« 
cid on alco* 1 
hoi. 


1 . Olefiari 
gas. 


2. Oxa&S 
acid. 



452 


COMPOUND COMBUSTIBLES. 


Book II. 

Div'si.i., II. 


3. Ether. 


When a mixture of equal parts of alcohol and sul- 
phuric acid is exposed to the action of heat in a proper 
apparatus, the following phenomena take place, as has 
been ascertained by Fourcroy and Vauquelin. 

When the temperature is elevated to 208°, the fluid 
boils, and emits a vapour which becomes condensed by 
cold into a colourless, light, and odorant liquor, which 
from its properties has received the name of ether. If 
the operation be properly conducted, no permanent gas 
is disengaged until about half the alcohol has passed 
over in the form of ether. Until this period there pas- 
ses absolutely nothing but ether and a small portion of 
water, without mixture of sulphurous or of carbonic 
acid. 

If the receiver be changed, as soon as the sulphurous 
acid manifests itself, it is observed that no more ether 
is formed, but the sweet oil of wine, water, and acetous 
acid, without the disengagement hitherto of a single 
bubble of carbonic acid gas. When the sulphuric acid 
constitutes about four-fifths of the mass which remains 
in the retort, an inflammable gas is disengaged, which 
has the smell of ether, and burns with a white oily 
flame. This is what the Dutch chemists have called 
olefiant gas . At this period the temperature of the 
fluid contained in the retort is elevated to 23 0 Q or 
234° 


When the sweet oil of wine ceases to flow, if the re- 
ceiver be again changed, it is found that nothing more 
passes but sulphurous acid, water, carbonic acid gas ; 
and that the residuum in the retort is a black mass, con- 
sisting for the most part of sulphuric acid thickened by 
carbon. 
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11. From these phenomena Fourcroy and Vauquelint 
have drawn the following deductions. 

A small quantity of ether is formed spontaneously, 
and without the assistance of hear, by the combination 
of two parts of concentrated sulphuric acid and one part 
of alcohol. 

As soon as ether is formed, there is a production of 
Water at the same time ; and while the first of these 
compositions takes place, the sulphuric acid undergoes 
no change in its intimate nature. 

As soon as the sulphurous acid appears, no more 
ether is formed, or at least very little ; but the sweet 
oil of wine passes over, together with water and acetic 
acid. 

The sweet oil of wine having ceased to come over, 
nothing further is obtained but the sulphurous and car- 
bonic acids, and at last sulphur, if the distillation be 
carried to dryness. 

The operation of ether is therefore naturally divided 
into three periods : the first, in which a small quantity 
of ether and water are formed without the assistance of 
heat ; the second, in which the whole of the ether which 
can be obtained is disengaged without the accompani- 
ment of sulphurous acid ; and the third, in which the 
sweet oil of wine, the acetous acid, the sulphurous acid, 
and the carbonic acid, are afforded. The three stages 
have no circumstance common to all but the continual 
formation of water, which, takes place during the whole 
of the operation. 

A combination of sulphuric acid and alcohol in equal 
parts does not boil at less than 207° of temperature, 
while that of alcohol alone boils at 176°. Now since 

f 

ebullition does not take place till the higher temperature. 
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Bgok IT. i s c j ear that the alcohol is retained by the affinity of 
Division II. ... . 

-/ the sulphuric acid, which fixes it more considerably* 

Now organic bodies, or their immediate products, when 
exposed to a lively brisk heat, without the possibility 
of escaping speedily enough from its action, suffer a 
partial or total decomposition, according to the degree 
of temperature. Alcohol undergoes this last alteration 
when passed through an ignited tube of porcelain. 
The reason therefore why alcohol is not decomposed 
when it is submitted alone to heat in the ordinary ap- 
paratus for distillation is, that the temperature at which 
it rises in vapours is not capable of affecting the separa- 
tion of its principles ; but when it is fixed by the sul- 
phuric acid or any other body, the elevated temperature 
it undergoes, without the possibility of disengagement 
from its combination, is sufficient to effect a commence- 
ment of decomposition, in which ether and water are 
formed, and carbon is deposited. Nothing more there- 
fore happens to the alcohol in these circumstances 
than what takes place in the distillation of every other 
vegetable matter, in which water, oil, acid, and coal, are 
afforded. 

Hence It may be conceived that the nature of the 
products of the decomposition of alcohol must vary ac- 
poruing to the different degrees of heat ; and this ex- 
plains why at a certain period no more ether is formed 
but the , sweet oil of wine and acetous acid. In fact, 
yrhen the greatest quantity of alcohol has been changed 
into ether, the mixture becomes more dense, and 
the heat which it acquires previous to ebullition is 
-Uiore considerable. The affinity of the apid for alcohql 
$>eing increased, the principles of this acid become se- 
parated, so that, on the one hand, its oxygen seizes the 
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liydrogen, and forms much water, which is gradually-vo- 
latilized ; whiJe, on the other, the ether retaining a 
greater quantity of carbon, with which at that tempera- 
ture it can rise, affords the sweet oil of wine. This 
last ought therefore to be considered as an ether con- 
taining an extraordinary portion of carbon* which gives 
it more density, less volatility, and a demon- yellow co- 
lour. 


Chap IV. 
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Such is the ingenious explanation of the formation of 
sulphuric ether proposed by fourcroy and Vauquelin. 
They have succeeded completely in proving that the 
.opinions formerly entertained respecting that singular 
process were erroneous; though their own explanation 
is not sufficient ! j precise to enable us to ascertain exact- 
ly the component parts of ether. 


II. Nitric Ether. 

Nitric ether is first mentioned in an epistle written 
by Kunkelto Voight, and published in 1681 *; but no 
attention was paid to it by succeeding chemists till it 
was discovered a second time by Navier in 1742 f, and 
a third time by Sebastiani in 1746 J. 

The method of preparing it, proposed by Naviec, Prepara- 
was this : Twelve parts of plcohol are put into a strong tIOn ' 
bottle, which is kept surrounded with water, or gather 
with ice : eight parts of nitric acid are poured in at 
intervals, the mixture being agitated after every addi- 
tion. The bottle is then -well corked, and the cork sfc- 


* JEpi stela contra Spiritism Vint sine Acido . 

.t Mem. Par. X742* 4 JDhs. ds Nitro , 1745. 
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face of the liquid. After five or six days, when the 

formation is supposed to be over, the cork is to be 
pierced with a needle, to allow a quantity of nitrous gas 
to escape, which would otherwise carry the ether along 
with it. The cork is then to be drawn ; the whole li- 
quid is to be poured intq a funnel, and by means of the 
finger the liquid below i$ allowed tq run out while the 
either is retained. 

This method is somewhat hazardous; for the quanti- 
ty of nitrous gas evolved is so great as often to burst the 
bottle. Dr Black substituted in place of it a very inge- 
nious process. He put into a glass phial the proper 
quantity of nitric acid ; over this was poured gently a 
stratum of water, and the alcohol was poured over all. 
Thus there were three strata of liquids in the vessel: the 
acid lowermost, and the alcohol uppermost, separated 
from each other by the water. The add and alcohol 
gradually combined with the water, and coming into 
contact acted on each other without violence; and thus 
the ether was formed without risk. 

Dehne has given another process for obtaining nitric 
ether exceedingly tedious, but not attended with any 
risk. The alcohol is put into a tubulated < retort, to 
which a large receiver is luted; ^-g-th part of nitric a- 
qid is to be added every four hours, drop by drop, till 
it amounts to about half the weight of alcohol ; then 
the mixture becomes hot, and ether passes over into the 
receiver. After this a little more nitric acid is to be 
added every morning and evening. Ether gradually 
forms on its surface. The acid is to be added till it 
falls down to the bottom of the retort in the form of 
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green globules, indicating the perfect saturation of the ^t!hap. 1V^ 
acid with nitrous gas. This is a proof that no more ^ 
ether will be formed. 

Various other methods of preparing nitrous ether 
have been proposed by chemists, as the distillation of a 
mixture of sulphuric acid, nitre, alcohol, &c. But the 
process preferred by artists Is that of Chaptal as cor- 
rected by Proust. A large retort is hited to a glass 
globular vessel furnished with a tube of safety. From 
this globe a tube passes to a second, likewise furnished 
with a tube of safety ; and to this last vessel is con- 
nected three Woulfe’s bottles in the usual way, which 
must he half full of alcohol. A mixture of 32 parts 
of alcohol and 24 of acid, of the specific gravity 1*3, is 
put into the retort. The heat of a chaffing dish is ap- 
plied, and removed as soon as the effervescence begins. 

The greatest part of the ether is detained by the alco- 
hol in the first Woulfe’s bottle. This mixture is to be 
saturated with an alkali, and the ether separated by di- 
stillation *. * / 

These processes are all of them so defective arid 
complicated, that little precise knowledge was acquired 
* of nitric ether, till Thenard undertook an investigation 


* Proust, Ann. Je Cbim. xlii. 262. — Brugnatelli has proposed the fol- 
lowing method 5 but I find that the proportion of ether obtained by it 
is much smaller than the other processes, though Brugnatelli affirms the 
reverse. Put an ounce of sugar into a retort, and pour over it two 
ounces of alcohol. Lute to it a large receiver with slips of paper, and 
then add three ounces of nitric acid. The sugar is dissolved, the mix- 
ture boils, and the ether passes over pure, equal in weight to the alco- 
hol. See Jour . de Cbim. iii. 68. — Perhaps my want of complete success 
■was owing to the use of a stronger acid than that employed by Brugna^ 
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of it in 1807 . He distilled a mixture of alcohol and 
nitric acid, and carefully collected and examined all the 
products both liquid and gaseous. A considerable part 
of the ether formed he found made its escape in the 
gaseous form, while the liquid in the receiver, hither- 
to considered nitric ether, was a mixture of alcohol, 
water, ether, nitrous, and acetic acids. These results 
led him to the following method of procuring pure 
nitric ether. 

Equal weights of alcohol and nitric acid, pi the spe- 
cific gravity 1 * 283 , were put into a retort. To the 
beak of the retort was luted a glass tube, which plun- 
ged to th-e bottom of a long narrow glass jar half filled 
with a saturated solution of cotnmon salt in water. 
From the top of this jar passed another tube, which 
went to the bottom of another similar jar, likewise half 
filled with a solution of common salt. In this manner 
five similar jars were connected with each other, each 
half filled with a saturated solution of common salt. 
From the last a tube passed to a water trough to re- 
ceive the gaseous products in proper jars. Each of 
these five jars was surrounded with a mixture of snow 
and sak to keep it as cool as possible.. A moderate 
heat being applied to the retort a violent effervescence 
began. It was found necessary to withdraw the fire, 
and even to moisten the outside of the retort with water, 
in order to prevent the vessels from bursting. The 
gaseous matter evolved was thus forced to pass through 
the different jars containing the common salt solution, 
and there it deposited the greatest part of its ether* 
The ether was found floating on the surface of the so- 
lutions in each, but the greatest part of it in the first 
jar. It was separated ; and to free it from the nitrous 
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aad acetic acids with which it was contaminated, it was 
agitated in a close phial with a sufficient quantity of 
chalk, till it ceased to produce any change on vegetable 
blues. It was then decanted off. Thus purified it pos- 
sessed the following properties. 

It had a slightly yellow colour, and a very strong 
etherial odour. Its taste was strong and quite peculiar. 
It was rather heavier than alcohol, but much more vo- 
latile than sulphuric ether. Hence it only moistened 
bodies for a moment, and produced a very considerable 
degree of cold by its evaporation. The heat of the 
hand was sufficient to set it a boiling. 

It was lighter than water, and required 48 parts of 
that liquid to dissolve it, and communicated to it an 
odour like that of apples. It dissolved in alcohol in 
every proportion. It burnt very brilliantly with a 
white flame like sulphuric ether. When kept for 
some time, both nitrous and acetic acids were form- 
ed in it. The same acids were evolved if the ether was 
heated, or if it was agitated with water. When brought 
in contact with a little of these acids, it instantly ab- 
sorbed them, and acquired the property of converting 
vegetable blues into red. 

When brought in contact with nitrous oxide, or any 
other gas, at the temperature of 70 it instantly quin- 
tupled its bulk, being converted into vapour. At that 
temperature its vapour was capable of supporting a 
column of mercury 28*74 inches high. At the tem- 
perature of 70°, and when the barometer stands at 30 
inches , it is liquid; but if we increase the heat or dimi- 
nish the pressure, it assumes the state of vapour. It is 
much more elastic than sulphuric ether. At the tem- 
perature of 70°^ the vapour of sulphuric ether is capa- 
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Such are the properties of nitric ether ascertained by 
Thenard *. They show us that it differs essentially 
from sulphuric ether. The gradual evolution of ni*. 
trous acid in it, demonstrates that it must contain azote 
as one of its constituents. Thenard endeavoured to as- 
certain the proportion of its constituents by passing it 
through a red hot porcelain tube, and examining the 
new substances evolved. They were water, carbonic 
acid, charcoal, oil, and a considerable quantity of a gas 
which contained azote and nitrous gas, and a heavy in- 
flammable air, which detonated with oxygen, and yield- 
ed carbonic acid and water. A little ammonia appear- 
ed also to have been produced. By estimating the 
weight of each of these substances and their constitu- 
Compo&I- ents, Thenard concluded, that 100 parts of nitric ether 
tms ~ were composed of 

4S*52 oxygen 
28*45 carbon 
14*49 azote 
8*54 hydrogen 

lOQ-OOf* 

But this analysis is liable to several exceptions. There 
was a considerable loss, and the composition of several 
of the substances evolved is not sufficiently determined* 
A better mode of analysis would have been, to have 
mixed the vapour of the ether with a sufficient quan- 
tity of oxygen, and to have decomposed it by electri- 


& (T Arcucil) i. 75^ 


f Ibid, u 36a* 
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tity* By this method, knowing the specific gravity of Chap . IV. 
the vapour, and the products furnished by its decompo- 
sition, it would have been easy to have deduced its con- 
stituents. 

During the formation of nitric ether a vast quantity Gas f 0119 

° , . . products, 

of gas is evolved. The Dutch chemists examined this 
gas, and considered it as a compound of nitrous gas and 
ether ; but Thenard has shown, that it is much more 
complicated in its nature. The result of his examina- 
tion is, that it consists chiefly of nitrous oxide gas, 
mixed with a little nitrous gas, azote, carbonic acid, 
acetic acid, nitrous acid, and a considerable proportion 
of etherial vapour. But the proportion of this last in- 
gredient diminishes according to the degree of cold to 
which it has been subjected. 

After the mixture of alcohol and nitric acid has And residue 
ceased to give out ether, there remains in the retort cxarnin€(i * 
about three-fifths of the original quantity. This residue 
Thenard also subjected to examination. It has a yel- 
low colour and an acid taste. It consists chiefly of 
water, holding in solution some nitric acid, some alco- 
hol, a very small portion of acetic acid, and a matter 
which Thenard could not separate, but which very 
readily assumed the state of charcoal. 

Thus it appears, that both the alcohol and acid are 
decomposed during the process of making nitric ether, 
and that the constituents of both enter into the compo- 
sition of the ether formed. We are not sufficiently ac- 
quainted with the composition of alcohol, and with the 
proportion of the other ingredients evolved, to be able 
to enter into the minutiae of the decomposition. Some 
light may be thrown upon the subject by a careful ex- 
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animation of* the phenomena which take place during* 
the action of nitric acid on alcohol. 

1. When equal parts of alcohol and nitric acid are 
mixed, a violent effervescence takes place ; spontane- 
ously if the acid be concentrated ; on th6 application of 
heat if the acid be diluted. This effervescence is owing 
to the emission of the gas, which the Dutch chemists 
considered as a mixture of ether and nitrous gas, but 
which Thenard has shown to consist chiefly of nitrous 
oxide and ether. The Dutch chemists have called it 
nitrous etherized gas *. 

This gas has a disagreeable ethereal odour : it burns 
with a yellow flame ; is completely absorbed by water,, 
alcohol, and the solution of potash ; ammonia has no 
action on it. When fired along with oxygen gas it de- 
tonates, Sulphuric, sulphurous, nitric, and muriatic 
acids, decompose it. 

2. When one part of alcohol and three parts of nitric 
acid, of the specific gravity 1*261, are mixed together, 
and a very moderate heat applied, a great quantity of 
gas is disengaged, which consists chiefly of nitrous ethe-^ 
rised gas and nitrous gas. When only T J T d part of the 
liquid remains in the retort, if it be allowed to cool, a 
number of crystals of oxalic acid are formed f . By this 
process 1*167 parts of oxalic acid may be obtained from. 
16 parts of alcohol J. 

3. When one part of nitric acid is poured upon its 
own weight of alcohol, and one part of sulphuric acid 
is added a little after, the mixture takes fire and burns 


* Jour • de JPhyx. xlv. 345. 

\ Sage, Jour, de Pbyt. L 346. 


f Scheele and Hermbstadt, 
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with great rapidity. When this experiment is per- 
formed in close vessels, the products are ether and oil, 
besides what remains in the vessel in which the com- 
bustion takes place *. 

4 . When nitric acid, partly saturated with mercury, 
is poured upon alcohol, and heat applied, the products, 
are nearly the same, but the phenomena are very diffe- 
rent. The curious appearances which accompany this 
mixture were first observed and explained by Mr 
Howard')*. The process, as described by him, is as 
follows: Dissolve, by means of heat, 100 grains of 
mercury in a measured ounce and a half of nitric acid, 
of the specific gravity of about 1 * 3 . Pour this solution, 
upon two measured ounces of alcohol, and apply heat 
till the mixture begins to effervesce. The heat is then, 
to be withdrawn. The action becomes violent, and con- 
tinues for some time ; a dense white smoke issues from 
the vessel, which is heavier than the atmospheric air, 
and may be poured into glass jars, where it continues 
for some time like fine white clouds. Mr Howard has 
made it probable that this fume is composed of ethe- 
rised nitrous gas holding oxide of mercury in solution. 
Meanwhile a white powder falls to the bottom of the 
mixture. When the effervescence is over, . this white 
powder is to be separated by filtration, washed with 
pure water, and dried in a heat not exceeding 212°. 

Mr Howard has examined the properties of this pow- 
der, which has the appearance of minute crystals. He 
has given it the name of fulminating mercury . 
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* Brugnatelli, Ann. de Chlm • xxix. 327* 
f Nicholson’s Journal, iv. 173. 
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When heated to the temperature of 368°, it explodes 
with considerable violence. The same effect is produ- 
ced by friction, by the blow of a hammer, by electri- 
city, and by flint and steel The products, after com- 
bustion, are carbonic acid gas, azotic gas, water, and 
mercury. It produces very violent effects, but only at 
a small distance. Concentrated sulphuric acid, when 
poured upon it, causes an immediate explosion ; dilu- 
ted sulphuric acid likewise decomposes it, but without 
exploding. A gas passes over, which is a mixture of 
carbonic acid, and of a peculiar inflammable gas which 
burns with a greenish flame ; the same into which the 
etherised nitric gas is converted by the action of di- 
luted sulphuric acid. There remains in the sulphuric 
acid a white powder, consisting of oxalate of mercury 
and a few globules of mercury *. 

From the experiments of Mr Howard, it follows that 
this powder is composed of oxalate of mercury and ni- 
trous etherised gas. But the subsequent analysis of 
Fourcroy has shown, that it varies in its nature ac- 
cording to the mode of preparing it. When prepared 
in Howard’s way with little heat, it is a compound of 
nitric acid, oxide of mercury, and a peculiar vegetable 
substance. When the heat is continued during the 
whole fermentation, the powder has a greenish colour. 
It detonates more feebly, and on hot coals emits a blue 
flame. It is composed in that case of ammonia, oxide 


* Howard, Nicholson’s Journal , iv. 173. Brugnatelli has announced, 
that by pouring one ounce of alcohol and one ounce of nitric acid on 100 
grains of dry nitrate of silver, (lunar caustic) in a beer glass, a fulmina- 
ting silver is produced, much more powerful than fulminating mercury, 
Nicholson’s Jour . vii, 



ether; 


46.6 


of frierciit-y, and more of the peculiar vegetable matter; Chap. I V-, 
When the mixture is boiled for half an hour, the pow- 
der is composed of oxalate of mercury and a very small 
quantity of Vegetable matter. It does not detonate, but 
decrepitates when heated'*. These experiments of Four- 
croy enable us to reconcile the seemingly opposite re*; 
suits of Howard and Benhollet f . 


III. Muriatic Ether* 

After the discovery of sulphuric and nitric ethers, 
various attempts were made to obtain ether by the ac- 
tion of muriatic acid on alcohol : But this acid in its 
usual state is too much diluted with water to act with 
much energy upon alcohol. It was thought necessary, 
therefore, in order to procure muriatic ether, to employ 
the acid in a different state; Two methods have been 
discovered. 

1. Those muriatic salts are chosen which tnay be ob- 
tained dry, and at the same time have a strong affinity tl0Bj 
for water. All the salts which have been hitherto tried i. *altsj 
with success have a metallic base in the state of a per- 
oxide J. The oxy muriates of mercury, iron, arsenic, 
and antimony, produce ether when distilled with alco- 
hol: but the salt which answers best is the oxymuriate 


* Journal of the Royal Instit. i. 256. 

f According to Berthollet, fulminating mercury is composed of am- 
monia, oxide of mercury, and altered alcohol, which produces carbonic 
acid when decomposed. Pbh. Mag, xii. 92- 

1 1 distinguish this stare of oxidizement in the metallic salts by pre- 
fixing oxy to the usual names of the salt. 

Vol. IL G g 
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of tin. By means of thi^ salt Courtanvaux formed 
ether, in 1759, by the following process : Three parts 
of fuming oxymuriate of tin and one part of alcohol are 
^ mixed together ; and after the vapours and heat produ* 
ced have subsided, the mixture is put into a retort, to 
which two large receivers are attached, and distilled* 
There comes over first a little alcohol, then the ether* • 
This salt has been lately recommended as very proper 
for making muriatic ether by Klaproth f. 
addJ ^ 2. Pure alcohol is saturated with muriatic acid gas as 

free from water as possible. The following is the for- 
mula recomtpended by Mr Basse. Keep a quantity of 
common salt for an hour in a state of fusion, in order 
to deprive it of its water of crystallization. Put 20 
parts of this salt into a tubulated retort, to the beak of 
Which is fitted a bent tube, plunging into Woulfe’s bot- 
tle, containing 10 parts of alcohol as strong as possible. 

Introduce into the retort, in small quantities at a time, 
10 parts of the most concentrated sulphuric acid, al- 
lowing the common air to escape from the bottle con- 
taining the alcohol ; then distil in a sand bath till the 
muriatic acid comes over, keeping the alcohol bottle as 
cool as possible during the process. The alcohol, thus 
saturated with acid, is put into a retort, and one half of 
• it distilled over. Agitate this portion with an alkaline 
ley, and then decant off the ether which swims on the 
surface : it usually amounts to 2 \ parts J. 
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* Jour.de Scuv. 1759? P-549* This process was discovered by Ros- 
elle. See Jour, de Plys. Ivi. 219 . 

I Crell’s Annals , 1796, ii. 99. 

I Jour, tk Cbim. iv. 86 . This method is very similar to the following 
t»ne given bexore by "Van Mens; Saturate a given quantity of alcohol 
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Very little was known of the properties of muriatic 
ether, till Gehlen published a dissertation on the sub- 
ject in 1804*. He employed two processes: 1. the 
action of the fuming oxymuriate of tin on alcohol ; 2. 
the process of Basse detailed above. Both of them fur- 
nished muriatic ether, the peculiar properties of which 
he has described with accuracy. Thenard published 
three dissertations on it in 1807 f, pointed out the sim- 
plest process for obtaining it, examined the effect of oxy» 
muriates on alcohol, described the properties of muri- 
atic ether in detail, and made a set of experiments to 
ascertain its constituents. To the dissertations of these 
two chemists we are indebted for all that we know of 
this very remarkable substance. 

The process recommended by Thenard for procuring 
this ether is the following: Equal bulks of muriatic acid 
and alcohol, both as strong as possible, are put into a retort, 
of such a size as not much more than to hold the mixture, 
A few grains of sand should be put into the retort, to pre- 
vent the violentboiling which might otherwisetake place. 
From the beak of the retort a tube passes into a glass 
jar, twice the size of the retort, and furnished with three 
mouths. This jar should be half filled with water, of 
the temperature of about 70°. Into the second rpouth 


■with muriatic acid, by distilling a mixture of two parts of common salt 
and one part of sulphuric acid into a Wouife’s apparatus containing two 
parts of alcohol. 'Mix this saturated alcohol with half a part of black 
oxide of manganese, and put into the Wbulfe’s apparatus a solution of 
pure potash in water, and distil with a low heat. The ether and oxy- 
muriatic acid pass over, and the potash prevents the acid from acting so 
violently on the ether. S GcAnx.de Cbim. xxxl v. 141. 

* Gehlen’s Jour. ii. 206. f Mem. d'Areusil, 1. 1 15. 14c. 337* 

r~t ~ 
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' tube, which passes into a water trough to receive 
the gas. When heat is applied, the mixture soon 
emits bubbles. There passes into the receiver alcohol 
with acid 3nd water ; but the whole of the ether makes 
its escape in the state of gas, and mu>st be received in- 
proper vessels. From 500 grammes of acid and the 
same bulk of alcohol, between 20 and 30 litres of ethe- 
rial gas are obtained. Or* in round numbers, a mixture 
of acid and alcohol, weighing about 30 ounces troy, 
will yield between 122 0 and 1S30 cubic inches of ethe- 
rial gas. 

This gas is colourless, it has a strong etherial smell, 
and a sweetish taste. It produces no change on the in- 
fusion of litmus, the syrup of violets, or lime water. Its 
specific gravity is 2*219, that of air being 1. At the 
temperature of 64° water dissolves its own bulk of this 
gas. 

Properties When exposed to a cold of 52°, it loses its aerial 
form and becomes liquid ether. It may be procured 
abundantly in that state by pas.ing it into a dry glass jar 
surrounded with ice. Muriatic ether, in its liquid state** 
is colourless like water, very liquid, has no action on * 
vegetable blues, and has the same smell and taste as in 
the gaseous state. At the temperature of 41°, Thenard 
found it of the specific gravity 0*874*. It is much 
more volatile than alcohol, or even sulphuric ether, as- 
suming the gaseous state when not hotter than 64°. 


* Basse obtained it of the specific gravity 0 - 820 , and Gehlen of 0 - 845 . 
Here we must consider weight as a mark of purity. Hence it is obvious 

that the muriatic ether of the German chemists was less pure than The* 
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Hone of the usual tests indicate the presence of any c "* a P- IV. 
muriatic acid. It does not affect vegetable blues, nor ^ ^ * 
give out acid when agitated with an alkaline ley, or oc- 
casion an immediate precipitate when mixed with ni- 
trate of silver. But when brought in contact with a 
combustible it burns readily with a green coloured 
flame, and a very considerable portion of muriatic acid 
is immediately disengaged in the state of vapour. This 
very extraordinary fact was first observed by Gehlen ; 
it has been minutely examined by Thenard. When 
allowed to remain fox a long time in contact with an 
alkali, it does give out a portion of muriatic acid, and 
it slowly produces a precipitate in nitrate of silyer after 
the interval of several days, and the quantity of preci- 
pitate increases with the time. But in neither case is 
the ether decomposed, or deprived of the property of 
giving out muriatic acid when burnt. 

From the experiments of Thenard it appears, that Composi- 
during the formation of muriatic ether no gaseous pro- t1011, 
duct whatever is evolved but muriatic ether ; nor is any 
other new substance evolved, unless a portion of water 
may be formed. A portion of the muriatic acid as 
well as of the alcohol disappears ; and when the ether 
is decomposed, exactly the portion of acid is evolved 
which had disappeared. It is extremely difficult from 
these facts to form an accurate notion of the way in 
which the ether is formed. Is it a compound of alco- 
hol and muriatic acid.? — The little effect which these 
two bodies have on each other, even when mixed in • 
the state of vapour, renders that opinion unlikely. It 
is equally difficult to conceive the state of the muriatic 
acid in that liquid. It seems to be perfectly neutrali- 
sed, as all its usual properties are concealed ; and it must 
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bs retained very powerfully, since none of those sub- 
stances on which it acts with the greatest energy indi- 
cate its presence when mixed with the ether. At the 
same time, difficult as it is to explain how it is conceal- 
ed, it is more probable that it exists in the state of mu- 
riatic acid than decomposed, if we consider how diffi- 
cult it is to decompose this acid, and how obstinately it 
has resisted the numerous attempts to ascertain its com- 
position. 

Thenard has endeavoured to ascertain the composi- 
tion of muriatic ether. From the quantity of muriatic 
acid which disappears during its formation, he has cal- 
culated that 100 parts of muriatic ether contain 29*44 of 
acid; an enormous quantity, since it exceeds the propor- 
tion of real acid in the strongest muriatic acid of com- 
merce. By mixing determinate portions of muriatic acid 
gas with oxygen gas, firing the mixture, and ascertaining 
the products, which are only carbonic acid and water, he 
endeavoured to ascertain the proportion of the other 
constituents. The following is the result of his examu 
nation: ......... 2Q*44 muriatic acid 


3.6*61 carbon 


23*31 oxygen 
10*64 hydrogen 

100*00 * 

If confidence can be put in this analysis and in 
chat of alcohol by Saussure, we may infer from them, 
that muriatic ether does not contain the alcohol in the' 
state of alcohol, since the carbon, oxygen, and hydrogen 
do not bear to each other the same proportion in the e- 



* IkfetfZr D r Arcntil } i, 341 
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ther that they do in alcohol* The proportion of car*, 
bon in the ether is a good deal more, and that of the ox- 
ygen less than in the alcohol. 

After the discovery of oxymuriatic acid, Scheele 
showed that ether might be obtained by distilling a 
mixture of alcohol, black oxide of manganese, and mu- 
riatic acid; or by distilling sulphuric acid, common salt, 
black oxide of manganese, and alcohol : but the quan- 
tity which can be obtained by this process is trilling : 
for the oxymuriatic acid acts upon the ether formed, 
and converts it into a kind of oil. Indeed, if we believe 
Mr Basse, ether Is never obtained by means of oxymu- 
riatic acid, but merely an oil which sinks in water*. 
This has been amply confirmed by the late experiments 
of Thenardf ; from which we may conclude, that oxy- 
muriatic acid converts alcohol into oil, and not into ether ? 
and that which has been taken for ether is nothing else 
than alcohol holding some of this oil in solution* 

IV. Acetic Ether. 

Ether may be produced also by the action of acetic 
acid on alcohol. This was discovered by the Count de 
Lauraguais in 1759 t* He obtained it by distilling a 
mixture of acetic acid and alcohol with the same pre- 
cautions as are employed in the distillation of sulphuric 
ether. 

The process, as corrected by Pelletier, is as follows : 
Mix together, in a retort, equal quantities of acetic 
acid (from acetate of copper) and alcohol, and distil 
oyer the alcohol. Pour it back into the retort, and di- 
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stil a second time. What comes over must be poured 
back a second time, and subjected to a third distillation. 
The product of this third distillation is a mixture of 
acetic acid and ether. Saturate the acid with potash, 
and distil with a moderate heat. Acetic ether comes 
over pure *. Bueholz has given another process, which 
is much more economical. Put into a retort 16 parts 
of acetate of lead, six parts of strong sulphuric acid, and 
nine parts of alcohol. Distil over 10 parts. Agitate 
this liquid with a third of its bulk of lime-water, and 
decant off the ether, which will swim on the surface. 
It usually amounts to six parts f . 

Scheele could not succeed in obtaining ether by Lait- 
raguais ? process ; most likely because he neglected to 
return the distilled liquid a sufficient number of times 
into the retort. But he discovered another, by which 
it may be obtained without difficulty. Nothing more 
is necessary than to add a little sulphuric acid to the 
mixture 5 or acetic ether may be obtained by dissolving 
one part of acetate of potash in three parts alcohol, add- 
ing more sulphuric acid than is sufficient to saturate the 
potash, and then distilling J. 

Schuitze, an apothecary at Kiel, has lately repeated 
the experiments of Scheele, and found them accurate. 
His experiments were repeated by Gelilen and Lichtem- 
berg with the same result. They affirm that pure ace- 
tic acid dots not form ether with alcohol, hut that ether 
is formed if there be present the smallest quantity of 
any other acid §. The subject has been lately examined 
|)y Henry ]| and by Thenard ; both of whom have 


* four . de J?bys. xxTiii. 14 1. f Jour, de Chim. iii. %%%. 

t Scheele, ii. 117. § Ann. de Chim. Ivii. 94. 

j| Ann. de Chim . iviii. 199. f Mem. D'Arcueil , 2. 1 3.3. 
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shown in the most satisfactory manner, that acetic acid Chap. IV, 
and alcohol yield an ether by the process of Lauraguais 
and Pelletier. 

* Thenard employed nearly equal weights of a very 
strong acid and alcohol of the specific gravity 0*3056., 
and repeated the distillation 12 times. No gas of any 
kind was evolved during the process. He then mixed 
the whole together, and endeavoured to neutralize the 
acetic acid by potash. The neutralization succeeded 
but imperfectly ; abundance of crystals of acetate of 
potash precipitated. By a cautious distillation the ace- 
tic ether came over in the first place, and afterwards a 
portion of alcohol, holding a little ether and acetic acid 
in solution. By a subsequent distillation off acetate of 
potash, the acetic ether was obtained perfectly pure. 

During the formation of this ether a quantity of acid 
as well as of alcohol disappear ; both of course enter 
into the composition of the ether, or at least their con- 
stituents enter. 

Acetic ether is limpid and colourless ; it has an a- Properties* 
greeable odour of ether and acetic acid. It does not 
redden vegetable blues. It has a peculiar taste differ- 
ent from that of all other substances, and bearing no re- 
semblance to that of alcohol. Its specific gravity at 
the temperature of 44f° is 0*8 66 . It boils at the tem- 
perature of 160°. It burns with a yellowish -white 
flame, and acetic acid is developed during its combus- 
tion. It does not undergo any change by keeping. 

At the temperature of 62 ° it requires more than 7 times 
its weight of water to dissolve it. 

Though allowed to remain in contact with water, or 
dissolved in it, no change takes place; but when left in 
contact \vith caustic potash, acetic acid is gradually evol- 
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a state, alcohol comes over very much diluted with wa- 

ter. N o gaseous matter is disengaged. Hence it 
seems to be nothing else than a compound of acetic acid 
and alcohol. The acid is neutralized in the ether, as it 
exhibits none of its usual properties. 

V. Phosphoric Ethe*. 

Sgheele and Lavoisier attempted in vain to form ei- 
ther by means of phosphoric acid. Boudet published 
a dissertation on the subject much later. By distilling 
a mixture of phosphoric acid and alcohol he obtained 
a liquid lighter than alcohol ; but it was completely 
miscible with water, and therefore did not possess the 
properties of ether *. The subject has been lately re- 
sumed by JBoullay, whose experiments were attended 
with more success. They were published in 1807 f . 
Process, He introduced into a tubulated retort 500 parts of 

phosphoric acid, obtained by the combustion of phos- 
phorus by nitric acid, vitrified, redissolved, and of the 
consistence of honey. The retort communicated with 
a receiver surrounded by a mixture of ice and salt. 
This receiver communicated with ajar filled with lime 
water, and from this jar a tube passed to a pneumatic 
trough. The phosphoric acid was raised nearly to the 
heat of boiling water 7 and then by' means of a species of 
funnel, the tube of which passed through the melted 
phosphoric acid to the bottom of the retort, 500 parts 
of alcohol were slowly introduced. The mixture was 


* Ann, de Cfcim, ad. I S3 . 
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accompanied "by a violent boiling, the phosphoric Chap. iv. 
acid became black, and striae in abundance appeared on 
the top and neck of the retort. The distillation was 
continued till the phosphoric acid became dry. There 
passed over into the receiver, 1st, 120 parts of alcohol, 
smelling feebly of ether; 2d, 260 parts of a colourless light 
liquid, smelling strong of ether ; 3d, 60 parts of water sa- 
turated with ether, over which swam 4 parts of a yellow 
liquid very much resembling the sweet oil of wine in ap- 
pearance ; 4th, another liquid of a disagreeable odour, 
and reddening vegetable blues. When saturated with 
potash and evaporated, it left a quantity of acetate of 
potash in crystals. The lime water became milky,, but 
only towards the end of the process. A quantity of gas 
was obtained which burnt like ether, and seemed to con- 
sist chiefly of ether uncondensed. 

The two first products being rectified on muriate of Properties, 
lime, furnished 60 parts of a liquor bearing the closest 
resemblance to sulphuric ether. It had the same smell 
and taste, the same specific gravity, dissolved in 8 or 10 
parts of cold water, boiled at the temperature of 10 0 D , 
dissolved resins and phosphorus, burnt with a white 
flame leaving a trace of charcoal, but giving no indica- 
tion of the presence of any acid. 

Thus it appears that phosphoric ether approaches 
very nearly to sulphuric ether, if it be not absolutely 
the same with it, and differs very considerably from ni- 
tric, muriatic, and acetic ethers. 

Ether may be formed also by several other acids. 

Scheele obtained it by distilling a mixture of fluor spar, 
black oxide of manganese, alcohol, and sulphuric acid ; 
and Bergman by means of oxalic acid* Scheele found 
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that the following acids did not form ether with alco* 
hoi *. 

X. Muriatic, 4. Benzoic, 7. Succinic', 

2. Fluoric, 5. Tartaric, 8. Arsenic. 

3. Boracic, 6. Citric, 

Thus it appears that there are various species of e- 
thers differing very much from each other in their pro- 
perties. Sulphuric ether is the lightest hut the least 
volatile of the whole. In muriatic and acetic ether an 
acid seems to enter as a constituent part, but its properties 
are concealed altogether while the liquid remains unde- 
composed. It is not unlikely that nitric ether may al- 
so contain an acid. It is obvious that the theory of the 
formation of nitric, muriatic, and acetic ethers must be 
quite different from that of sulphuric and phosphoric e- 
ihers. The theory of the two last is probabJy similar. 


SECT. III. 

OF VOLATILE OILS. 

The term oil is applied to a number of unctuous li- 
quids, which, when dropt upon paper, sink into it, and 
make it seem semitransparent, or give it what is called 
a greasy stain. These bodies are very numerous, and 
have been in common use from time immemorial. Che- 
mists have divided them into two classes ; namely, vo- 
$atile and fixed oils. We shall consider the properties of 
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the first of these classes in this Section. The fixed oils Chap. IV. 
will occupy our attention in the nest. A third class 
of oils might be added which possess intermediate pro- 
perties between the fixed and the volatile. 

Volatile oils, called also 'essential oils , are distin- 
guished by the following properties : 

1. Liquid; often almost as liquid as water; some- characters, 
times viscid. 

2. Very combustible. 

3. An acrid taste and a strong fragrant odour. 

4. Volatilized at a temperature not higher than 
212 °. 

5. Soluble in alcohol,' and imperfectly in water. 

6. Evaporate without leaving any stain on paper. 

By this last test it is easy to discover whether they 

have been adulterated with any of the fixed oils. Let 
a drop of the volatile oil fall upon a sheet of writing 
paper, and then apply a gentle heat to it. If it evapo- 
rates without leaving any stain upon the paper, the oil 
is pure ; but if it leaves a stain, it has been contamina- 
ted with some fixed oil or other. 

Volatile oils are almost all obtained from vegetables, p re p WJU 
and they exist in every part of plants; the root, the 
bark, the wood, the leaves, the flower, and even the 
fruit, though they are never found in the substance of 
the cotyledons ; whereas the fixed oils, on the contrary, 
are almost always contained in these bodies*. 

When the volatile oils are contained in great abun- 
dance in plants, they are sometimes obtained by simple 
expression. This is the case with the oil of oranges, 


* Fourcroy, vii. 353. 
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of lemons, and of bergamotte ; but in general they can 
only be obtained by distillation. The part of the plant 
containing the oil is put into a still with a quantity of 
water, which is distilled off by the application of a mo- 
derate heat. The oil comes over along with the water, 
and swim s- upon its surface in the receiver. By this 
process are obtained the oil of peppermint, thyme, la- 
vender, and a great many others, which are prepared 
and employed by the perfumer. Others are procured 
by the distillation of resinous bodies. This is the case 
in particular with oil of turpentine, which is obtained 
by distilling a kind of resinous juice, called turpentine, 
that exudes from the juniper. 

Volatile oils are exceedingly numerous. They have 
been long known ; but as their use in chemistry is but 
limited, they have not hitherto been subjected to an 
accurate chemical investigation. They differ greatly in 
their properties from each other; but it is impossible 
at present to give a detailed account of each. 

1. The greater number of volatile oils are liquid , 
many indeed are as limpid as water, and have nothing 
of that appearance which we usually consider as oily . 
This is the case with the following ; namely, oil of 
turpentine, oranges, lemons, bergamotte, roses. Others 
have the oily viscidity. It varies in them in all de- 
grees. This is the case with the oils of mace, cardo- 
mom, sassafras, cloves, cinnamon. Others have the 
property of becoming solid. This is the case with the 
oils of parsley, fennel^ aniseed, balm. Others crystal- 
lize by slow evaporation. This is the case with oil of 
thyme, peppermint, marjoram. The oil of nutmegs 
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has usually the consistence of butter *. This is the Chap. rv. 

*■ 

case also with the oil of hops and of pepper. 

2. The colour ot the volatile oils is as various as Colour, 
their other properties. A great number are limpid 

and colourless, as oils of turpentine, avender, rosemary, 
savine, aniseed. Some are yellow, as spike, berga- 
motte. Some are brown, as thyme, savony, worm- 
wood. Others blue, as camomile, motherwort. Others 
green, as milfoil, pepper, hops, parsley, wormwood, 
cajeput, juniper, sage, valerian. Others, though at 
first colourless, become yellow or brown by age, as 
cloves, cinnamon, sassafras +. 

3. Their odours are so various as to defy all des- Odour, 
cription. It is sufficient to say, that all the fragrance 

of the vegetable kingdom resides in the volatile oils. 

Their taste is always acrid, hot, and exceedingly un- 
pleasant. 

4. Their specific gravity varies very considerably. Specific gra- 
not only in different oils, but even in the same oil in dif- Vlt y* 
ferent circumstances. The following are the specific 
gravities of several of the volatile oils, as ascertained by 

Dr Lewis f. 

Oil of sassafras. .1*094* Oil of Mint. ....... *975 

Cinnamon 1*035 Nutmegs . . .. *948 

Cloves. ...1*034 tansy.. .... . .*946 

Fennel .... *997 Carraway seeds*940 

Dill *994 Origanum . . . .*940 

Penny royal* 978 Spike ....... *936 

Cummin.. *975 Rosemary ... .*934 

* Fourcroy, vii. 505. Eng. Trans. 

+ Tk'rrl 


f Neuman’s CUm* p. 272 . 
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Volatility. When the volatile oils are heated in the open air* 
they evaporate readily* and without alteration, diffusing 
their peculiar odours all around ; but there is a consn- 
tlefable difference between the different oils in this res- 
pect. When distilled in close vessels, they do not so 
•readily assume the form of vapour. Hence they lose 
their odour, become darker in colour, and are partly 
decomposed. Oils do not seem very susceptible of as*, 
suming the gaseous form, unless some, other substance, 
as whiter, be present. 

When exposed to the action of cold, they congeal like 
the fixed oils ; but the temperature necessary to produce 
•this effect varies according, to the oil. Some of them, 
as oil of anise and of fennel, become solid at the tern*, 
perature of 50 ° : frozen oil of bergamotte and of canella 
become liquid at 23 ° ; oil of turpentine at 14 ° Mar- 
gueron exposed several volatile oils to a cold of — 17°. 
They congealed or rather crystallized partially, and at 
the same time emitted an elastic fluid. These crystals 
consisted partly of the* oils themselves, partly of other 
substances. Some of them had the properties of ben- 
zoic acid +. 

Changed by < 5 . Volatile oils, when exposed to the action of light in 

* g close vessels, and excluded from common air, undergo 

very singular changes. Their colour becomes deeper, 
they acquire a great deal of consistency, and their spe* 
cific gravity is considerably increased. The cause of 


* Margueron, Jour » de JPlys, xlv, 136. 


f Ibid*. 
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$he$£ changes Is but imperfectly known; Tingfy, (o 
tvhom we are indebted for these interesting researches, 
has proved that light is a necessary agent; It was sup- 
posed formerly that they were bccasioned by the ab- 
sorption of oxygen ; and when oxygen is present, it 
has been ascertained that it is absorbed : but Tingry 
has proved that the same changes go on when oxygen 
is excluded. This philosopher ascribes them to the 
fixation of light. If this be the real cause, the quantity 
of light fixed must be enormous $ for as the specific 
gravity of the oils is increased considerably while the 
bulk continues the same* it is evident that the absolute 
weight must be increased proportionably. One cir- 
cumstance, however* renders this conclusion somewhat 
doubtful* at least in its full extent 3 and that is* that the 
quantity of change was always proportional to the 
quantity of the oil and the quantity of air contained in 
the vessel 

7 . When volatile oils a he exposed to the open air* they 
gradually become deeper coloured, and acquire more 
and more viscidity, while at the same time their odour 
diminishes. Dr Priestley first ascertained that they 
imbibe oxygen with rapidity, and that the changes are 
owing to this absorption. He tried the experiment only 
with oil df turpentine, but he found that the air above- 
oils of mint and cinnamon, confined in phials half full* 
was deprived of its oxygen f. He ascertained likewise, 
that, independent of this disposition to absorb oxygen, 
oij of turpentine has the property of imbibing a consi- 


Chap, IV. 


Ah soft) 
oxygen. 


* Tingry, Jour.de Phyu xlvi. 16 r, and 249, 
j Priestley on Air , ii 232. 

Vol. 11. H h 
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derable quantity of air, which maybe afterwards extri- 
cated by means of the air-pump J. According to Four- 
croy, this absorption of oxygen is accompanied by the 
formation of water. His evidence for this is, that drops 
of water, he says, are often perceptible at the surface 
of those oils that are kept in vessels not properly closed 
By long exposure the volatile oils assume the form of 
resins. 

When the volatile oils are heated sufficiently in the 
open air, they take fire and burn with a clear bright 
flame, emitting a f 4ast quantity of smoke. The products 
of the combustion, besides the soot, are water and car- 
bonic acid. 

S, When agitated with water, the greater number of 
the volatile oils render it milky, and communicate to it 
their peculiar odour. Several of them when dropt upon 
sugar, if the sugar be afterwards dissolved in water, 
form a permanent solution, to which the name of oleo- 
saccharum has been given. Margueron has shown that 
this property belongs only to the purest and most lim- 
pid part of the oils. 

They are all soluble in alcohol, ether, and fixed oils; 
though they vary considerably in the facility with which 
they unite to alcohol. Oil of turpentine, for instance, is 
known to unite slowly with that liquid. .» When one 
part of that oil is dissolved in seven parts of alcohol, 
the oil separates by degrees, and sinks to the bottom *. 

9. The action of the simple combustibles upon the 
volatile oils is not remarkable. They do not absorb 


f Priestley on Air , ii. 232. 

§ Fourcroy, vii. p. 501. Eng. Trans, 
* Neuman’s Clem. p. 288. 
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hydrogen as far as is known, neither are they altered Chap, iv.^ 
by charcoal. When digested upon sulphur at the tem- 
perature at which the sulphur melts, they dissolve a 
portion of it, acquire a brown colour, and a disagree- 
able taste and smell. These preparations are call- 
ed balsams of sulphur. A portion of the sulphur crys- 
tallizes as they cool*. When these balsams are heated 
strongly, a vast quantity of gas (probably sulphureted 
hydrogen) is evolved so rapidly as to occasion very 
violent explosions, unless proper precautions be taken f. 

The volatile oils dissolve likewise a portion of phos- 
phorus in a digesting heat ; but most of them deposite 
the whole of it again as the solution cools. Hoffman 
pointed out a method of rendering the solution perma- 
nent. It was the following : Triturate together ten 
parts of camphor and one of phosphorus. This mix- 
ture dissolves readily in most volatile oils, as in oil of 
cloves, and forms a solution which has the property of 
rendering every thing luminous which is rubbed with 
it, and this without combustion J. This seems to have 
been the solution so much used by Boyle, under the 
name of liquid phosphorus. 

10. The alkalies and earths act but feebly upon the of alkalies 
volatile oils. The French chemists have proposed to ^dearths* 
give the combinations which these bodies form with 
the volatile oils the name of savonules , which Dr Pear- 

* JElemens de Chymie of the Dijon Academy, iii. 357. 

+ Hoffman relates a remarkable story of the violent effects of such an 
explosion by way of caution to the chemists of his time. — Observations 
JPbys. Cbem. p. 308. 

| Hoffman, Qbstrv. Pkys. Cbem. p. 307. 
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v— ' nominations have not been adopted by chemists . 

Whoever considers the tedious trituration of potash 
and oil of turpentine together, by which the medicinal 
preparation called Starkey's soap is prepared, and com- 
pares it with the facility with which that alkali dissolves 
common turpentine, will he inclined to believe that the 
combination takes place only in so far as the oil is con- 
verted into a resin- ; and that it is not the oil which has 
the property of uniting with potash, but the resin form- 
ed by its absorbing oxygen from the atmosphere. In- 
deed it is not improbable* that the volatile oils absorb, 
and part with oxygen, with much greater facility than 
has been hitherto supposed ; and that during many of 
their solutions these changes take place. Volatile oils 
seem to unite to alkalies and earths only when united 
to oxygen so as to form resins ; while resins, on the o- 
ther hand, may probably owe their solubility in alcohol 
to their parting with oxygen, and assuming the state of 
volatile oils* Some recent experiments of Mr Hatchett 
at least render the last supposition not improbable. I 
shall mention one He took about half a pound of the 
common yellow resin of the shops, and having dissol- 
ved it in rather less than a quart of alcohol, he poured 
the clear solution from the dregs and impurities into a 
glass basin containing about two quarts of distilled 
water. He placed this basin on a sand bath, and heat- 
ed it moderately for about four hours. The principal 
part of the resin was precipitated during this digestion* 


* The term saponule does not agree well with the idiom of our lan- 
guage. The word uih&a$ % or something similar, would have been better* 
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Next day tie milky liquor was poured off tie precipi- ^Chap, iv^ 
tate, and evaporated to dryness in an open vessel. Du- 
ring the evaporation, brittle films of perfect resin were 
formed successively on the surface of the liquor, and 
the dry residue, afler evaporation, was likewise com- 
plete resin ; but the portion which had precipitated in 
the first basin, and which constituted the chief part of 
the original, was not in the state of resin, but of com- 
mon turpentine. These phenomena indicate in a very 
unequivocal manner, that oxygen had been taken from 
the resin during its solution in alcohol. Hence the por- 
tion which precipitated immediately when the solution 
was poured into water, not being in contact with the 
air, fell down in the state of turpentine; while the por- 
tion that continued in contact with air became perfect 
resin. 

XI. The action of the acids upon the volatile oils has of acids, 
been but imperfectly examined. 

Sulphuric acid acts upon them with considerable ener- 
gy : dissolving them, converting them at first to a sub- 
stance of a resinous nature, and at last reducing them to 
the state of charcoal. Hence we may procure the oil 
in very different states, by separating it from the acid at 
the end of a longer or shorter interval by pouring the 
mixture into water. When a volatile oil is dropt very 
slowly into four times its weight of sulphuric acid, tri- 
turating constantly after every addition, a solution is 
formed of a brownish colour. If this solution is pour- 
ed into three or four parts of water, and then gently 
heated, a brown mass separates, which was formerly 
known by the name of an acid soap . Achard is the 
only chemist who has examined these combinations with 
.attention. His experiments were made chiefly on oil 
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P lv l SI ° n . „* oil and sulphuric acid are treated as above described, is 
of the consistence of soft wax, soluble in water and al- 
cohol ; and when decomposed by an alkali, the oily 
matter which separates unites readily with alkalies*. 
Hence it appears that it has approached the state of a 
resin. 

Muriatic acid has much less action on them than the 
sulphuric. From Achard’s trials it dissolved -j-^-th of 
its weight of the oil of sassafras. The portion dissol- 
ved is probably altered f. 

When nitric acid is thrown upon them suddenly, and 
in a concentrated state, it acts with such energy as to set 
them on fire ; but when sufficiently diluted with water 
it dissolves them, and converts them into a yellow sub- 
stance similar to resin. Oxy muriatic acid acts in the 
same way, though with less energy. 

12. The action of the volatile oils on metals has not 
been examined with care, but it cannot be remarkable. 
Margueron has tried the effect of some of the salts of 
mercury upon several volatile oils. The following are 
the facts ascertained by this chemist: When oil of rose- 
mary is kept over nitrate of mercury, the salt is gradu- 
ally decomposed, and the oil acquires a deep colour. 
Oxymuriate of mercury, in like manner, deepens the 
colour and increases the consistence of oils of citron, 
chevril, hysop, lavender, rosemary, and peppermint ; 
while it is at the same time partly converted into muri- 
ate of mercury. Neither the muriate of mercury, nor 


* Jour, de Pbys. xvi. 409. 

f Ekmens de Chymk of the Dijon Academy, iii» 361. 



VOLATILE OILS. 


48? 

the sulphuret of that metal, produce any change in the Chap. IV. 
oils of lavender and rosemary 5 but by this last oil the 
red oxide of mercury is converted into the black, though 
the oil does not experience any sensible change. The 
oxymuriate of antimony is likewise decomposed by the 
oil of rosemary *. 

13. From the effects of the acid supporters on the vo- 
latile oils, and from the products which they yield when 
burnt, it has been concluded that they are composed of 
hydrogen and carbon, sometimes united with various 
proportions of oxygen according to circumstances : but 
no exact analysis. has yet been made of any of them. 

14. Volatile oils are applied to a great number of uses: 

Some of them are employed in medicine ; some of 
them, as oil of turpentine, are much used to dissolve 
resins, which are afterwards employed as varnishes. 

Not to mention their employment in painting and in 
perfumery. 


SECT. IV. 

OF FIXED OILS. 

The fixed oils, which are of such extensive utility in Discovery, 
the arts, were known at a very remote period. They 
are mentioned in Genesis, and during the time of Abra^ . 
ham were even used in lamps f. The olive was very 
early cultivated, and oil extracted from it, in Egypt. 


# Ann. de Clint, xlvii. 66. 


| Gen. xv. 17* 
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Cecrops brought it from Sais, a town in Lower Egypt, 
where it had been cultivated from time immemorial, and 
taught the Athenians to extract oil from it. In this 
manner the use of oil became known in Europe*. But 
the Greeks seem to have been ignorant of the method 
of procuring light by means of lamps till after the siege 
of Troy ; at least Homer never mentions them, and 
constantly describes his heroes ^s lighted by torches of 
wood. 

Fixed oils are distinguished by the following eha« 
racters : 

1. Liquid, or easily become so when exposed to 3 
gentle heat. 

2* An unctuous feel. 

3. Very combustible, 

4. A mild taste. 

5. Bqiling point not under 600^^ 

j6- Insoluble in water and alcohol P 

7. Leave a greasy stain upon paper. 

These oils, which are also called fat or expressed oils, 
are numerous, and are obtained, partly from animals 
and partly from vegetables, by simple expression. A$ 
instances, may be mentioned whale oil or train oil, ob- 
tained from the blubber of the whale and from cod; olive 
oil, obtained from the fruit of the o}ive ; linseed oil and 
almond oil, obtained from linseed and ^lmond kernels. 
Fixed oils may also be extracted from poppy- seeds, hemp- 
seeds, beech-mast, ^nd many other vegetable substances, 

It deserves attention, that the only part of vegetables 
$fi which fixed oils are found is the seeds of bjicp^yledi-t 


? Hereof. lib. ii. 59. and 6a. 
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nous plants*. In animals they are most usually deposi- Chap, iv.^ 
4ed in the liver, though they are found also in the eggs 
of fowls; 

All these oils differ from each other in several parti- 
culars, but they also possess many particulars in com- 
mon. Whether the oily principle in all the fixed oils is 
the same, and whether they owe their differences to ac- 
cidental ingredients, is not yet completely ascertained, 
as no proper analysis has hitherto been made ; but it 
is not improbable, as all the oils hitherto tried have 
been found to yield the same products. In the present 
state of our knowledge, it would be useless to give a 
particular description of all the fixed oils, as even the 
differences between them have not been accurately as- 
certained. 

I. Fixed oil is usually a liquid with a certain degree Properties.' 
of viscidity, adhering to the sides of the glass vessels in 
which it is contained, and forming streaks. It is 
never perfectly transparent, having always a certain de- 
gree of colour ; most usually it is yellowish or green- 
ish. Its taste is sweet, or nearly insipid. When fresh 
it has little or no smell. 

There exist also in the vegetable kingdom a consider- 
able number of bodies, which at the ordinary tempera- 
ture of the atmosphere are solid, and have hitherto been 
considered as fixed oils. Palm oil may be mentioned 
as an example, which has been lately subjected to a 
chemical examination by Dr Bostock f. The various 
substances used in India and Africa as substitutes for 
gutter, and as unguents, may likewise be mentioned. 


* Fourcroy. vii 319. 

| I^icholspn’s Journal , xvi, 161, 
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ferent species of the bassia , as the butyracea , longifolici, 
latifolia 9 obovata, yield this butyraceous matter. They 
have been described by Dr Roxburgh §. The shea or 
butter tree of Africa described by Park, seems also to 
be a species of bassia. These substances, from the ex- 
periments of Dr Bostock, appear to differ a little from 
the liquid fixed oils in their properties, and to approach 
the nature of wax. Thus they are sensibly soluble in 
alcohol and ether, and do not combine so readily with 
alkalies as the fixed oils. 

Spedficgra- 2. All the fixed oils hitherto examined are lighter 
V2ty ’ than water ; but they differ greatly from one another in 

specific gravity. The same difference is observable in 
different samples of the same oil. The following Table 
contains the specific gravity of such oils as have been 
examined. 


Oil of palm * . . . . 96Q 
Hazel-nuts* 941 
Poppies* ..939 
Lin seed f ..932 
Almonds* 932 
Walnuts*. .923 to 947 
Beech-nut* 923 

Ben* 917 - 

Olivesf ..913 
Rape-seedf 913 
CacaoJ .. S92 

.Action of 3. Fixed oil does not begin to evaporate till it be 

heat. 


§ Nicholson’s lout. xix. 372. 

* Fahroni, Crell’s Annals , 1 797, ii. 1S&3. 
f Shaw’s Boyle, ii. 346- £.Brissoi};* 
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heated above the boiling point of water. As the heat Chap. v. 
increases, a pretty copious vapour may be seen rising 
from it , but the oil does not begin to boil till it is 
heated nearly up to the temperature of 600°. At that 
temperature it may be distilled over ; but it is always 
somewhat altered by the process. Some water and 
acetic acid seem to be formed, a little charcoal remains 
in the retort, and the oil obtained is lighter, more fluid, 
and has a stronger taste than before. Oil, thus distilled, 
was formerly distinguished by the name of philosophi- 
cal oil . During the distillation, a great quantity of 
heavy inflammable air is obtained. 

Fixed oil, when in the state of vapour, takes fire on 
the approach of an ignited body, and barns with a yel- 
lowish white flame. It is upon this principle that can*» 
dies and lamps burn. The tallow or oil is first con- 
verted into the state of vapour in the wick ; it then 
takes fire, and supplies a sufficient quantity of heat to 
convert more oil into vapour 5 and this process goes on 
while any oil remains. The wick is necessary to pre- 
sent a sufficiently small quantity of oil at once for the 
heat to act upon. If the heat were sufficiently great to 
keep the whole oil at the temperature of (500°, no 
wick would be necessary, as is obvious from oil catch- 
ing fire spontaneously when it has been raised to that 
temperature. When oil is burnt in this manner, either 
in the open air or in contact with oxygen gas, the 
only new products obtained are water and carbotiic acid. 

When exposed to the action of cold, fixed oils lose 
their fluidity, and are converted, into ice ; but this 
change varies exceedingly in different oils. 

3. When fixed oils are exposed to the open air or to Action®* 
oxygen gas, they undergo different changes according to air * 
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Division II. ment has gone, have the property of absorbing oxygen ; 

and by uniting with it they become more and more vis- 
cid, and terminate at last in a solid state, being appa- 
rently saturated with oxygen. Now there are some 
oils that retain their transparency after they have be- 
come solid ; while others become opaque, and assume 
the appearance of tallow or wax . This circumstance 
has given occasion to the division of the fixed oils into 
two classes : Those that remain transparent are called 
drying oils, while those that become opaque are called 
fat oils. 

Drying oils. 4. The drying oils are used as the vehicle of paints and 
varnishes. Linseed, nut, poppy, and hemp- seed oils, 
belong to this class. These oils in their natural state 
possess the property of drying oils but imperfectly. To 
prepare them for the use of the painter and varnish 
maker, they are boiled for some time in an iron pot. 
By this process they are partly decomposed; abundance 
of watery vapour and of carbureted hydrogen gas is 
separated from them. They become deeper coloured, 
and acquire greater consistency. It is common for some 
purposes to set them on fire, to allow them to bum for 
some time, to extinguish them by covering up the ves- 
sel in which they are contained, and to continue the 
boiling till they acquire the proper degree of viscidity. 
By this process they lose their unctuous quality in a 
great measure, so as not to leave a greasy stain upon 
paper, and approach the nature of resins, with this dif- 
ference, that they do not become brittle, but retain a 
degree of toughness and ductility, not unlike w’hat in 
this country is called wrought rosin , or shoemaker’s ro- 
sin. It is common also in preparing the drying oils to 
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toil them with a little litharge. The change which Chap. IV.^ 
happens to the oils by this process has not been pre- 
cisely ascertained. Probably they absorb oxygen from 
the air, and we know that they undergo a partial de- 
composition. When they burn for some time, their 
unctuous quality is much more completely destroyed 
than by any method which has yet been practised. 

Hence it is followed frequently in preparing the dry- 
ing oils for varnishes, and always for printers ink y 
ivhich requires to be as free as possible from all unc- 
tuosity. 

Nut oil has been found preferable to all other oils for 
printers ink ; though the dark colour which it acquires 
during boiling renders it not so proper for red ink as 
for black. Linseed oil is considered as next after nut- 
oil in this respect. Other oils cannot be employed, 
because they cannot be sufficiently freed from their 
unctuosity. Ink made with them would be apt to 
come off and smear the paper while in the hands of the 
hook-binder, or even to spread beyond the mark of the 
types, and stain the paper yellow. The process for 
making printers ink is as follows : 

The. oil is made to boil in an iron pot only half Printers 
filled, set on fire, and allowed to burn for half an hour 
or more, then boiled gently till it acquires the proper 
• consistence. In this state it is called the varnish,, Two 
kinds are prepared, a thicker and a thinner. The 
thicker is of such a consistence that it draws into threads 
when cold like weak glue. This varnish is afterwards 
ground with lamp-black in the proportion of two ounces 
and a half to sixteen ounces of oil. When newly pre- 
pared oil is used for making ink, it is said to be neces- 
sary to add a little boiled oil of turpentine and a little 
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litharge ; but this is said to have the effect of causing 
the ink to stick so firmly to the types, that it can with 
difficulty be removed. Old oil does not require this 
addition*. 

Oil prepared by the process above described, is still 
insoluble in alcohol and water, but it unites readily to 
more oil. It dries into a tough mass like turpentine, 
and afterwards is scarcely susceptible of uniting with oil. 
Dr Lewis found that linseed oil, when thus converted 
into a thick varnish, lost -J-th of its weight ; when "boiled 
till it became quite stiff when cold, it lost nearly 4 
of its weight f. The property which printers ink has 
of adhering to moistened paper shows that the oily na- 
ture of the body i$ greatly altered. In some respects it 
has approached the nature of mucilage, though in others 
the difference is very great. 

5. The fat oils , when exposed to the atmosphere, 
gradually become thick, opaque, and white, and assume 
an appearance very much resembling wax or tallow. 
Olive oil, oil of sweet almonds, of rape-seed, and of ben, 
belong to this class. 

When oil is poured upon water, so as to form a thin 
layer on its surface, and is in that manner exposed to 
the atmosphere, these changes are produced much soon- 
er. Berthollet, who first examined these phenomena 
with attention, ascribed them to the action of light: hut 
Sennebier observed that no such change was produced 
on the oil though ever so long exposed to the light, 
provided atmospherical air was excluded ; but that it 
took place on the admission of oxygen gas, whether the 


* Lewis, Phil. Com . p. 371, 


f Ibid. 37a. 
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oil was exposed to the light or not *. It cannot he Chap. IV. 
doubted, then, that it is owing to the action of oxygen. 

It is supposed at present to be the consequence of the 
simple absorption of oxygen and its combination with 
the fat oils. 

6. The> action of fixed oils upon the simple combus- Action of 
tibles is not very remarkable. bustibles. 

Hydrogen, as far as known, does not act upon them. 

When they are filtered through charcoal powder, they 
are rendered purer ; but on account of the great difficul- 
ty of separating the charcoal from fixed oils, it cannot 
be employed with advantage for purifying themf. 

Black paint is usually nothing else than charcoal in 
some state or other ground up with a drying oil. 

The fixed oils likewise dissolve a small proportion 
of phosphorus when assisted by heat. The combination 
succeeds easiest if a mixture of oil, water, and phos- 
phorus he boiled for a little in a glass vessel. These 
oily phosphurets emit the odour of phosphureted hy- 
drogen, and yield, when distilled, a portion of that gas. 

When rubbed in the open air, or when spread upon the 
surface of other bodies, they appear luminous, in conse- 
quence of the combustion of the phosphorus. When 
hot oils saturated with phosphorus are allowed to cool, 
the phosphorus crystallizes in octahedrons, as Pelletier 
ascertained. 

They readily dissolve sulphur when assisted by heat. 

The solution assumes a reddish colour. When distill- 
ed, there comes over a great quantity of sulphureted hy- 


* Ann. de Chtm* xi. 89. 
f Kels, Crcli’s Annals j iii. 274. Engl, Tran» r 
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drogengas. When the solution is allowed to’ cool, tie? 
sulphur is deposited in crystals. By this process Pelle- 
tier obtained sulphur in regular octahedrons. 

7. The fixed oils are all insoluble in water. When 
agitated with that liquid, the mixture becomes milky* 
but the oily particles gradually separate and swim upon 
the surface. The presence of a mucilaginous substance, 
as gum arabic, prevents the oil from separating, and oc- 
casions, of course, a permanent milkiness. Such mix- 
tures are called emulsions . They are often formed by 
triturating oily’seeds, as almonds, with water; the two 
ingredients necessary to form an emulsion, oil and mu- 
cilage, "being present in the seed. 

The fixed oils are insoluble in alcohol. They con- 
tinue insoluble in it even after being thickened by boil- 
ing ; but if they be united to an alkali, and afterwards 
separated by an acid, they will be found to hare ac- 
quired the property of dissolving in alcohol : a proof 
that the oil has undergone an alteration in its composi- 
tion by being united to an alkali*. 

The fixed oils are also insoluble in ether; but they 
unite readily with each other, with volatile oils, and 
likewise with bituminous and resinous substances. 

8. The alkalies unite readily with the fixed oils, and 
form the important compounds called soaps . The fat 
oils enter into these combinations more readily than the 
drying oils. The earths likewise combine with these 
oily bodies, and form a kind of soap insoluble in wa- 
ter, and therefore not capable of being applied to the 
same uses as common soap. 


♦ Ekmen: dc Chymle of the Dijon Asademy, iii. 40a. 
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9. The combustible acids, as far as is known at pre- Chap> IV. 
sent, do not unite with oils ; neither has the muriatic Acids, 
acid any remarkable effect. Phosphoric acid, when 
concentrated, deepens their colour, and gives them a pe- 
culiar smell, especially if assisted by heat : a proof 
that it acts upon them *. The sulphuric acid acts with, 
much greater energy. The oils become immediately 
black, and assume gradually the properties of bitumen 
in proportion to the continuance of the action. If the 
acid be allowed to remain long enough, they are com- 
pletely decomposed ; water is formed, charcoal precipi- 
tated, and an acid evolved f. Other products doubtless 
also make their appearance, though the action of this 
acid on oils has not yet been examined with sufficient 
care. Nitric acid acts with still greater energy. When 
poured suddenly upon the drying oils, it sets them on 
lire. The same effect is produced upon the fat oils, 
provided the acid be mixed previously with a portion 
of the sulphuric. When the nitric acid is sufficiently 
diluted, it converts the drying oils into a yellow resi- 
nous-like mass, and the fat oils to a substance very like 
tallow. But the action of this acid upon fixed oils has 4 

not yet been sufficiently examined. 

Many attempts have been made by chemists to form Acid soaps, 
permanent compounds of the concentrated acids and oils 
under the name of acid soajis . The only acid which 
was found to answer was the sulphuric. Achard pub- 
lished a number of experiments on these compounds. 

They dissolve in water, and lather like common soap 5 


* Element de Chemie of the Dijon Academy, in. 142. 
; f Fourcroy, vii. 330. 
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but as they are not in reality permanent compounds,, 
they cannot be used with much prospect of advantage. 

10. The fixed oils act (tnough feebly) upon some of 
the metals when the atmospheric air is not excluded. 
Copper is soon corroded by them, and a dark green so- 
lution obtained. The only other metal upon which 
they are known to act in the same manner is mercury. 
By triturating mercury with fixed oils, it gradually dis- 
appears, and a bluish coloured unguent is formed ; con- 
sisting, in part at least, of the black oxide of that me- 
tal united to the oil. But this experiment scarcely suc- 
ceeds except with those oils which are in a state ap- 
proaching to solidity. 

But upon the metallic oxides the fixed oils act with 
greater energy. They dissolve the white oxide of ar- 
senic with great facility, as was shown long ago by 
Brandt. When boiled with the oxides of mercury, lead, 
or bismuth, they form very tough solid compounds, call- 
ed plasters. 

II.. Fixed oils are liable, bj^ keeping, to undergo a 
change -well known by the name of rancidity. They 
become thick, acquire a brown colour, an acrid taste^ 
and a disagreeable smell* The oil thus altered con- 
verts vegetable blues into red* and of course contains 
an acid. It is believed at present that this change is 
owing to the alteration of the foreign substances present 
in oilsj or to the action of those foreign bodies upon the 
oily matter itself. Several of the fixed oils, when new- 
ly extracted, let fall on standing a quantity of mucila* 
ginous matter ; and from the experiments of Scheele, 
it appears probable that they always retain less or more 
of a similar principle. He boiled together one pare of 
litharge, two parts of olive oil, and a little water. 



When the oil had acquired the consistence of an oint- 
ment, it was allowed to cool, and the water decanted off. 
When this water is evaporated to the consistence of a 
syrup, it leaves a substance which Scheele termed the 
sweet principle of oils . It does not crystallize, is solu- 
ble in water and alcohol, and is converted into oxalic 
acid by the action of nitric acid. When heated, it is 
partly decomposed into a brown oil, and partly volati- 
lized unaltered. This substance he obtained also from 
linseed and rape-seed oil, and from oil of almonds. Even 
the oil disengaged from soap yielded him a little of it 
Similar impurities were supposed to exist in all fixed 
oils, and to occasion their rancidity by putrefaction. 
This rancidity is in some degree diminished by agita- 
tion with water, but not completely destroyed. Mr Dos- 
sie has shown that agitation with the fixed alkaline so- 
lutions and quicklime answers the purpose sufficiently 
well in purifying oils for burning in lamps ; but that 
they have the property of coagulating a portion of the 
oil. This however may he prevented by adding a 
quantity of strong brine, which occasions the separation 
of the foreign bodies from the oil f . 

12. When oil is burnt, the only products arec arbonic 
acid and water. When repeatedly distilled, or when 
passed through a red hot tube, it appears to be com- 
pletely converted into water, carbonic acid, and heavy* 
inflammable air. Lavoisier analysed olive oil by burn- 
ing it in a vessel filled with oxygen gas. During the 
combustion there was consumed 
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* Scheele’s Qpuse* ih 189. 


f Nicholson’s Jour . v, 5. 
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Of oil 15*79 grains troy 

Of oxygen gas. ....50*86 


Total. 66*65 

The products were carbonic acid and water* The /car- 
bonic acid obtained amounted to 44*50 grains: the 
weight of the water could not be accurately ascertain- 
ed ; but as the whole of the substances consumed were 
converted into carbonic acid gas and water* it is evi- 
dent* that if the weight of the carbonic acid be sub- 
tracted from the weight of these substances, there^must 
remain precisely the weight of the water. Mr Lavoi- 
sier accordingly concluded by calculation,' that the 
weight of the water was 22*15 grains. Now the quan- 
tity of oxygen in 44*50 grains of carbonic acid gas is 
32*04 grains, arid the oxygen in 22*15 grains of water 
is 18*82 grains ; both of which taken together amount 
to 50 *S 6 grains, precisely the weight of the oxygen gas 
employed. 

The quantitv of charcoal in 44*50 grains of carbonic 
acid gas is 12*47 grains; and the quantity of hydrogen 
in 22*15 grains of water is 3*32 grains ; both of which, 
when taken together, amount to 15*79 grains, which is 
the weight of the oil consumed. 

It follows, therefore, from this analysis, that 15*79 
grains of oil are composed of 12*47 carbon 

3*32 hydrogen 

Olive oil therefore is composed of about 

79 carbon 
21 hydrogen 

100 * 


* Mem. Par. 1784, and Jour, dt Pbys . for 17S7, July 
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This, however, can only be considered as a very im- 
perfect approximation towards the truth. The fixed 
oils no doubt vary in the proportion of their constitu- 
ents; and the phenomena of their decomposition lead us 
to conclude, that many of them contain oxygen as a 
component part 


Besides the volatile and fixed oils, there is another 
set which exist pretty frequently in the vegetable king- 
dom, Their chemical properties are intermediate be- 
tween the fixed and the volatile oils. Like the volatile 
oils they dissolve in alcohol ; but like the fixed they 
cannot be distilled over with that liquid. Hence they 
may be obtained by digesting the vegetable substance 
that contains them in alcohol, and then separating the 
alcohol from the oil by distillation. They have all a 
strong acrid taste, and most of them possess poisonous 
qualities. The alcoholic solution of some of then! has 
the property ofprecipitating sulphate of iron of a reddish 
colour, which becomes green when mixed with an al- 
kaline solution. Vauquelin detected an oil of this na- 
ture in the root of the helleborus hyemalisf. A similar 
oil appears to exist in tobacco and in many other plants. 


* Besides the oils which exist ready formed in the vegetable and a n/- 
mal kingdom, there are a variety ol others which are obtained when 
animal or vegetable bodies are distilled by means of a heat above that of 
boiling water. These oils have received the appellation of eh>p$mimatic y 
because they are formed by the action of fire. They have never been 
examined with attention ; but most of them seem to possess the proper- 
ties of the volatile oils. Their odour is always exceedingly disagreeable, 
and their taste acrid. 

f Ann, ds Mus.-d’HitL Nat. No. xliii. 83. 


Chap. IV. 
* -- 


Poisonous 

oils. 



502 


Book IT* 
Division II. 


compound combustibles. 


SECT, IV. 

OP BITUMENS® 

The term bitumen has often been applied by chemists 
to all the inflammable substances that occur in the earth ; 
but this use of the word is now so far limited, that sul- 
phur and mellite are most commonly excluded. It 
would be proper to exclude amber likewise, and to ap- 
ply the term to those fossil bodies only which have a 
certain resemblance to oily and resinous substances. 
In this restricted sense the word is used in the present 
Section. 

Division® .Bituminous substances may be subdivided into two 
classes ; namely, bituminous oils , and bitumens , properly 
so called. The first set possess nearly the properties of 
volatile oils, and ought in stricf; propriety to be classed 
with these bodies ; but as the chemical properties of 
bitumens have not yet been investigated with much 
precision, it was deemed rather premature to separate 
them from each other. The second set possess proper- 
ties peculiar to themselves. Let us endeavour to de- 
scribe the substances belonging to these two classes as 
far as possible. 


I. Bituminous Oils. 

Only two species of bituminous oils have been hi~ 
therto examined by chemists. Others indeed have been 
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mentioned, but their existence has not been sufficiently P ha P - IV ° 
authenticated. These two species are called petroleum, 
and maltha or sea-wax ; the first is liquid, the second 
solid. 

1. Petroleum is a;, oil of a brownish yellow colour, Petroleum. 
When pure, it is fluid as water, and very volatile *. Its 
specific gravity varies from 0 * 7^0 to 0*878 f. Ithasa 
peculiar smell. When heated, it may be distilled over 
without alteration. It unites with alcohol, ether, vola- 
tile and fixed oils, and, as far as known, possesses all the 
characters of volatile oils. 

Petroleum is found in the earth in various states of 
purity ; sometimes without any mixture of foreign 
substances. In this state it is usually distinguished by 
the name of naphtha , and is said to occur in great abun- 
dance on the shores of the Caspian and in Persia. It 
occurs also in different parts oi Europe, especially Italy 
and Germany. When less fluid and darker coloured, 
it is commonly called petroleum . It is supposed to owe 
this increased spissitude and deepened colour to the ac- 
tion of the air. When distilled, it yields a quantity of 
pure petroleum, while a portion of bitumen ot the con- 
sistence of tar or pitch remains behind. When long 
exposed to the air, petroleum becomes black, and ac- 
quires the semifluidity of tar. In this state the greatest 
part of it is insoluble in alcohol ; so that it has assumed 
the state of true bitumen. 


* The volatility seems to have been over-rated by older chemical writers. 
On mixing well rectified petroleum with water in a retort, I found that 
the water could be readily distilied over in a moderate heat, while the 
wh ode petroleum remained behind, 
f See Kirwarfs Mineralogy^ ii. 42. 
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Petroleum Is used in those countries where it abounds 
as an oil for lamps. It is employed also as a solvent 
of resinous bodies, and of the proper bitumens, which 
it dissolves with facility. 

4. Sea-wax, or maltha , is a solid substance found on 
the Baikal lake in Siberia, It is white, melts when 
heated, and on cooling assumes the consistence of white 
cerate. It dissolves readily in alcohol, and in other 
respects appears to possess the characters of a solid vg*. 
latile oil. Its properties, however, have been but im- 
perfectly examined. Klaproth found that a similar 
substance was obtained by distilling a species of wood 
coaly called earth coal by the Germans 

The substance described by Kirwan under the name of 
mineral tallow, and said to have been found on the coast 
of Finland, in the Swedish lakes, and in a fountain near 
Strasburgh, seems to approach very nearly to sea- wax. 
Its specific gravity is 0 * 770 . It is white, brittle, stains 
paper like oil, melts when heated, and bums with a 
blue flame and much smoke ; dissolves imperfectly 
in hot alcohol, but readily in olive oil f. 


II. Proper Bitumens. 


The true bituminous substances may be distinguish* 
ed by the following properties : 

1. They are either solid or of the consistence of tar. 

2. Their colour is usually brown or black. 

3. They have a peculiar smell, or at least acquire 


f Kirwsn’s Mineralogy, H, 47-. 


Bchrage, iii. 32-5, 
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it when rubbed. This smell is known by the name of Chap. IV. 
the bituminous odour. 

4. They become electric by friction, though not in- 
sulated f. 

5. They melt when heated, and burn with a strong 
smell, a bright flame, and much smoke. 

6. They are insoluble in water and alcohol, but 
dissolve most commonly in ether, and in the fixed and 
volatile oils. 

T. They do not dissolve in alkaline leys, nor form 
soap. 

8. Acids have little action on them ; the sulphuric 
scarcely any : the nitric, by long and repeated diges- 
tion, dissolves them, and converts them into a yellow 
substance, soluble both in water and alcohol, and simi- 
lar to the product formed by the action of nitric acid on. 
resins J. 

The bitumens at present known may be reduced to 
three ; namely, asphaltum , mineral tar 9 and mineral 
caoutchouc . Bitumen has been found also united to a 
resinous compound, in a curious substance first accurate- 
ly examined by Mr Hatchett, to which he has given 
the name of retinasphaltum. United to charcoal in va- 
rious proportions, it constitutes the numerous varieties 
of pit-coaly so much employed in this country as fuel. 

1. Asphaltum. This substance occurs in great a- AspBaJtaw- 
bundance in different countries, especially in the island 
of Trinidad, on the shores of the Dead Sea, and in Al- 
bania, where it is found in vast strata. It is supposed 


f Hauy. 


| Hatchett. 
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u— y— j by exposure to the air. 

Its colour is black, with a shade of brown, red, or 
grey. Its specific gravity varies. That of Albania, 
as ascertained by Klaproth, was 1*205 * ; but it was 
somewhat contaminated with earth. Kirwan, in purer 
specimens, found the specific gravity to vary from 1*07 
to 1*165 f. Klaproth has lately published an analysis 
of the asphaltum of Albania. 

Properties. He found it insoluble both inacids and alkalies, as also 
in water and alcohol ; but soluble in oils, petroleum, 
and sulphuric ether. Five parts of rectified petroleum 
dissolved one part of asphaltum without the assistance 
of heat, and formed a blackish brown solution, which 
by gentle evaporation left the asphaltum in the state 
of a black brown shining varnish. The solution in. 
ether was of a pale brown red colour; and when evapo- 
rated, the asphaltum remained in the state of a semi- 
fluid substance of a reddish colour, still insoluble in 
alcohol. 

Action of A hundred grains of this asphaltum being distilled in 
feeat * a retort, by a heat gradually raised to redness, yielded 

fhp following products: 

Grains. 

36 cubic inches (German) of heavy inflammable air, Id 


A light brown fluid oil.......... .....32 

Water slightly tainted with ammonia 6 

Charcoal 30- 

Ashes 16 


100 


® Beifra A e 9 liu 3X5, 


f Mineralogy) ii, 46- 
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Thesfe ashes consisted chiefly of silica and alumina, with Chap , IV. 
some iron, lime, and manganese*. 

The asphakum found in Albania is supposed to have Uses, 
constituted the chief ingredient of the Greek Jire . The 
Egyptians are said to have employed this bitumen in 
embalming. It was called mumia miner alis f . The an- 
cients inform us that it was used instead of mortar in 
building the walls of Babylon. 

2. Asphaltum is seldom absolutely pure ; for when 
alcohol is digested on it, the colour of the liquid be- 
comes yellow, and by gentle evaporation a portion of 
petroleum is separated Mineral tar seems to be Mineral t«u% 
nothing else than asphaltum containing a still greater 
proportion of petroleum. When alcohol is digested on 

it, a considerable quantity of that oil is taken up; but 
there remains a black fluid substance like melted pitch, 
not acted upon by alcohol, and which therefore appears 
to possess the properties of asphaltum, with the excep- 
tion of not being solid §. By exposure to the air, it is 
said to assume gradually the state of asphaltum. 

3 . Mineral caoutchouc is a singular substance, hither- Mineral ca- 
to found only in Derbyshire. It is soft and very elas- outc h° uc ' 
tic, not unlike common caoutchouc, or Indian rubber , and, 

like that substance, it may be employed to efface pen- 


Klaproth's Beitragc, iii. 316. f Watson’s Clem. Essays , iii. 4* 

% Hatchett’s Observations on the Change of some of the 'Principles of Vege- 
tables into Bitumen. Phil. Trans 1 804. 

§ Chemists and mineralogists have united mineral tar to petroleum 
as a variety. If it he true that pure petroleum is insoluble in alcohol, 
that arrangement is right ; but I suspect a mistake. I had no opportu- 
nity of trying naphtha; but the puiest petroleum T have been able to 
procure readily yields to alcohol, unless it has been left exposed to the air. 
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cil marks from paper ; but it soils the paper a little* 
Its colour is dark brown, sometimes with a shade of 
green, at other times of red. The first account of it was 
published by Dr Lister in the Philosophical Transac- 
tions for 1673 *. It occured in an old forsaken mine in 
Derbyshire. He calls it a subterraneous fungus, and is 
uncertain whether it belongs to the vegetable or miner- 
al kingdoms ; but rather inclines to the former opini- 
on, and hints that it may have grown out of the old 
birch props used in the mine. It was first accurately 
described by Mr Hatchett. Delametherie first exa- 
mined its properties; and an analysis of it Ms been late- 
ly published by Mr Klaproth. 

According to Klaproth, it resists the action of almost 
all liquid menstrua ; neither alcohol, alkalies, nor nitric 
acid affecting it. Even oils were not found by him to 
dissolve it, though Delametherie assures us that he ob- 
tained a solution of it in olive oilf. Petroleum suc- 
ceeded best with Klaproth, assuming a bright yellow 
colour, while the caoutchouc was rendered transparent:): . 
When heated it melts, takes fire, and burns with a 
bright flame and a bituminous smell. The melted mass 
Still continues adhesive, and may be drawn out into 
threads. It is now soluble in oils §. 

One hundred grains of this substance being distilled 
in a retort gradually raised to a red heat, yielded the 
following products : 




* Vol. viii. p. €179. 
% fteffrage y iH. 109. 


f Jour, de Pbys, XXXI. 31^. 

$ Klaproth, Ibid, 
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Grams. > Chap> IV^ 

38 cubic inches (German) of heavy inflam- J 

mable air . . > 13*75 

4 inches (German) of carbonic acid gas . . \ v 

A brown thin bituminous oil. • ............ 73*0 

Water slightly acidulous. 1*5 

Charcoal 6*25 

Ashes 5*5 


100*00 

The ashes consisted of lime and silica, with some iron, 
sulphate of lime, and alumina *. 

Mr Hatchett supposes the elasticity of this substance 
to be owing to a quantity of air confined between its 
pores. 

4. The retinasphciltum of Mr Hatchett is a substance Retina- 
hither to found only accompanying Bovey coal, in De- 
vonshire. It was first mentioned by Dr Milles ; but 
we are indebted to Mr Hatchett for every thing known 
respecting its chemical properties. 

This substance has a pale brown ochre yellow co- 
lour. It is very brittle, and breaks with a vitreous 
fracture. Its specific gravity is 1*135. When held in 
the hand for some time, it emits a slightly resinous 
smell. When heated it melts, smokes, burns with a 
bright flame, and emits a fragrant odour, at last tainted 
with a bituminous smell. The melted mass, when 
cold, is black and brittle, and breaks with a glassy frac- 
ture. • 

Water does not act upon it ; but it is partially dissol- 


* Klaproth, Beit rage , ili. p. no, 
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ved by alcohol, potash, and nitric acid; the dissolved 
portion having the properties of a resin $ the undissoh ed, 
of asphaltum. Mr Hatchett analysed it, and found 
it composed of 

55 resin. 

41 asphaltum 

3 earths 

_ / 

90 


Pit-coal, of 5. Pitcoal, one of the most useful of all the mineral 
tferet lunds. productions, has been divided by mineralogists into va- 
rious species, according to its external appearances, 
and the nature of the strata in which it is found ; but 
in a chemical point of view, its most important varie- 
i. Brown ties m2L J be distinguished into three sets: 1 . Those 

coal, that still contain several vegetable principles , strictly so 

called, and thus give evident marks of their origin. 
To this head belong most of the varieties of coal ar- 
ranged by Werper under the head of brown coal. Mr 
Hatchett has shown, that in some of te e substances be- 
longing to this class there is to be found a portion of 
vegetable extract ; in others, as in Bovey coal, a por- 
tion of resin ; besides the charcoal and bitumen, which 
constitute the greatest part of its constituents. From 
another species of brown coal Klaproth obtained, by 
means of alcohol, a brown red tincture, which left be- 
hind it on evaporation a reddish bitter extract par- 
's Black tially soluble in water +. 2 . Those kinds of coal that 

coal, contain no traces of unaltered vegetabb principles, but 


# Hatchett, on. the Change oj som* of the Prmaplu of Vegetables to 
tume,i . Phil. Trans. 1804. 

\ Beitragtiiiu 
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£tre composed of various proportions of bitumen and Chap. IV. 
charcoal, contaminated like the former with earthy 
matter. To this head belong the varieties of coal ar- 
ranged by Werner under the name of black coal , which 
abound so much in Britain. Kirwan has given us a 
very ingenious analysis of several specimens, founded 
upon the property of nitre to deflagrate with charcoal, 
but not with bitumen. By throwing coal reduced to 
small pieces into a given weight of melted nitre, he ob- 
tained a deflagration, and judged of the proportion of 
charcoal present by the quantity of nitre decomposed* •• . 

The following is the result of his analyses. 


too Parts. 

Charcoal. 

Bitumen. 

Earth. 

Sp. Grav. 

Cannel coal 

“5-2 

21*7 

3*1 

1-232 

Slate coal 

4T6 

32*5 

19*9 

1*426 

Whitehaven 

57*0 

41*3 

1*7 

1*257 

Wigan 

61'7 

36*7 

1*6 

1 268 

Swansey 

73 \5 

23*1 j 

3*4 

1*357 

Leitrim 

71*4 

23*4 

5*2 

1*3 51 

Newcastle 

58 

40 1 

2 

1*271 


A number of experiments on the constituents of dif- 
ferent specimens of British coal have been lately 
published by Mr Mushetf. He subjected the coals to 
distillation in close vessels, and thus ascertained the por- 
tion of volatile matter which they contained. By burn- 
ing the coals he determined the portion of earthy matter 
in each. The following Table exhibits the result of his 
experiments. 


* Kir wail’s Mineralogy^ if® 5X4, 

•• Phil Mag- xxxH. 14c. 
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Volatile 

Matter. 

Charcoal. 

Ashes. 

Sp. Gr. 
of the 
coal. 

Sp. Gra. 
of the 
coke. 

Welsh furnace coal.. .... 

8-5 

88-068 

CN 

CO 

yf* 

CO 

1*337 

1 

Alfreton furnace coal . . . 

45*5 

52*456 

2-044 

1-235 

less than 
w T ater 

Butterly furnace coal . • . 

42*83 

52-882 

4*288 

1-264 

1-100 

Welsh stone coal . 

8*00 

89-700 

2-300 

1*368 

1-3934 

Welsh slaty coal ...... . 

9-10 

84-175 

6-725 

1*409 


Derbyshire cannel coal . . 

41*00 

48-367 

4*638 

1*278 


Kilkenny coal 

Stone coal under basalt.. 

4*25 

16*66 

92-877 

69-740 

2-873 

13-600 

1-602 

1-656S 

Kilkenny slaty coal ..... 
Scotch cannel coal 

13*00 

56*57 

80-475 

39-430 

6-525 

4-000 

1-445 


Boolavooneen coal 

13*80 

'82-960 

3*240 

1-436 

1-596 

Cor gee do. Irish 

9*10 

'8T491 

3*409 

1*403 

1-656 

ghieen’s county do. j 

10*30 

186-560 

3*140 

1*403 

1-6218 

Stonewood, Giant’s Caus. 
Oak wood 

33-37'54"697 

SO-OO'19-500 

11*933 

0*500 

1*150 



3 Glance 3. Those kinds of coal which neither contain traces 
coal, c f unaltered vegetable principles nor of bitumen, but 

seem to consist entirely of charcoal contaminated with 
some earthy matter. To this head belong the different 
varieties of coal arranged by Werner under the name 
of glance-coal. This kind of coal is less common than 
the preceding. It is remarkable for its metallic lustre, 
and for the slowness with which it consumes. Many 
specimens of this coal have been subjected to chemical 
analysis ; the result was always the same. I shall sub- 
join a few specimens 


* The first analysis by KLlrwan {Mineralogy, ii. 528 .) The others 
published by Hericard de Thury. See GehkrA Jour. v„ ss?. 
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too Parts 

Charcoal. 

Earth. 

Kilkenny coal 

..97*3 

3-7 

Anthracite.......... 

..90*0 

10-0 

Ditto 

.72 

20 

Ditto 

.97*25 

2*7 5 

Coal of Notre Dame de Vaiix 

7S*5 

20 


When coal is distilled, the products vary according to 
the class to which the mineral belongs. The coals of 
the third class yield no volatile products whatever. 
Those of the second give ont abundance of heavy in- 
flammable air ; a bituminous oil, at first fluid, then of 
the consistence of tar; and water impregnated with am- 
monia. The residue is coke , a species of charcoal ap- 
plied with the greatest advantage to many of our ma- 
nufactures. It burns long and equally, and yields a 
great deal of heat. The oil has been applied by Lord 
Dundonald to the various purposes of varnish . Coals 
belonging to the first class yield abundance of heavy 
inflammable air, a bituminous oil, and water either very 
slightly impregnated with ammonia, or containing a 
quantity of acetic acid, as has been ascertained by the 
experiments of Klaproth and Hatchett. 


VoL IL 


K 


Chap. IV. 


Products] 
from coal. 
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BE MARKS Gif THE PRIMARY COMPOUNDS. 


Such are the properties of the Primary Compounds;* 
a class of bodies which has been longer known than a ny 
other, which has been examined with peculiar care, and 
which comprehends many of the most important instru- 
ments of chemical investigation. 

Division.' The substances included under the name of priutary 
compounds were divided into four sets ; namely, oxides , 
acids, colorific acids , and compound combus tib&s. The 
two first sets are counterparts to each other ; "both are 
composed of the same ingredients, and both admit of 
the same subdivisions. They consist of oxygen united^ 
to the simple combustibles, incombustibles, or metals^ 
and are distinguished by their acid properties, or the 
want of that characteristic. They may be divided into 
products of coitiBustion, supporters of combustion, and com- 
bustibles. 

Products of Every known prod-act of combustion is a primary 
compound ; for it is remarkable, that in all cases of 
combustifon, the bodies which undergo it^however Com- 
plicated at first, always arrange themselves so as to form 
the simplest possible combinations. The apparent ex- 
ceptions- consist ©f substances which have not in reality 
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iihdergone combustion. All the products of combus- t P^ a P ; 
tion known at present are the following : 

1. Water 5 

2. Carbonic adid ; 

3. Acid of phosphorus ; 

4. Acid of sulphur 5 

5. Metallic oxides. 

In like matin er all the known supporters of combustion Supporter** 
belong to this class* and are of course primary com- 
pounds, excepting ojtygen itself. These substances are 
all decomposed by the action of heat; a property which 
distinguishes them very readily from the products* The 
following are all the supporters known to exist* except- 
ing oxygen i 

1. All the compounds of azote xvith oxygen* 

2s All the compounds fcf muriatic acid with oxygen. 

3 s The metallic acids. 

The nature of the combustible oxides and acids has been 
but imperfectly investigated* Considerable obscurity 
still hangs over them. As chemical agents* they are 
Inferior in importance to oxide and acid products and 
supporters* and much more liable to undergo changes in 
their constitution. With a few exceptions* they are 
triple compounds* containing oxygen united to two 
Combustible bases, most commonly hydrogen and car- 
bon » Sometimes azote seems to enter into their con- 
stitution* 

The colorific acids* strictly speaking, belong to the Colorific 

acKiJ. 

same class* and were separated merely on account of the 
different purposes to which they are applied in chemical 
investigations. 

The compound combustibles, there is every reason t» 
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believe, are more variable in their constituents than the 
pieeedino- classes, and . accordingly are more liable to 
change th ir nature. Chemists have not yet been able 
to. anal se them in a satisfactory manner ; but the pre- 
sent state of our knowledge leads, us to conclude, that 
as far as their constituents are concerned, they may be 
arranged under three classes 5 namely, 1. Those that are 
composed o t hydt'Ogeji and carbon . Ether and the vo- 
latile oils, when in a state of purity, seem to belong to 
this class. 2. Those that are composed of hydrogen , 
carbon , and oxygen . This appears to be the case with 

alcohol, with most of the fixed oils, and with those vo- 
latile oils that have been exposed tp the air, or are be- 
ginning to lose their fluidity. These oils, by this 
change, lose their smell and most of their distin- 
guishing qualities ; but they, are in some measure .re- 
stored by distillation with ether, which seems to bring 
them back to their first condition. 3. Those that are- 
composed of hydrogen , carbon , oxygen, an & azote. This 
appears to be the case with the bitumens; at least if we 
are to judge from the oil, water, and ammonia, which 
they yield when distilled* 
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SECONDARY COMPOUNDS- 


My the term Secondary Compound is meant a combina- 
tion of salifiable bases or primary compounds with each 
other. These combinations are numerous. Thus a- 
cids combine with alkalies, with earths, and with me- 
tallic oxides, and form compounds called salts ; the 
earths combine with the fixed alkalies, and form glass; 
oils combine with alkalies, and form soaps . These 
combinations come now under our consideration. 

The secondary compounds, as far as we are at pre- 
sent acquainted with them, may be arranged under the 
five following classes. 

1 . Combinations of earths with each other, and with 
metallic oxides. 

2. Combinations of earths with alkalies. 

3. Combinations of acids with alkalies, earths, and 
metallic oxides. 

4 . Combinations of sulphureted hydrogen with alka- 
lies, earths, and metallic oxides. 

5. Combinations of oils with alkalies, earths, and 
metallic oxides. 


-Boob XL 
Drvioior IIP 


Arr-mge* 

ment. 
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These compounds shall be the subject of the five sue* 
ceecfing Chapters, under the following titles* 

1. Combinations of earths* 

£. Glass. 

3. Salts. 

4. Rydrosulphurets* 

5. Soaps. 
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Sty- 



OF COMBINATIONS OF EARTHS* 


Oeveral of the earths are capable of entering into com- 
bination with each other and wi th metallic oxides, and 
of forming eoin pounds distinguished by various names 
according to their external appearance. Some of these 
combinations are formed into vessels known by the 
names of stoneware , pvricelaisiy u enamel , &c. many of 
which are of great importance in manufactures and do- 
mestic economy. 

This class of bodies is of the highest importance ; Imperfectly 
hut it has not hitherto been examined by chemists with tnown ' 
that degree of attention to which it is entitled. A few 
only of the compounds into which the earths and the 
metallic oxides are capable of entering have been form- 
ed, and still fewer of these have been described with 
precision. The subject indeed is difficult, and till late- 
ly was not susceptible of accuracy, because the proper- 
ties of the earths, and the methods of obtaining them 
pure, were unknown. It is true, indeed, that the great- 
er number of these compounds exist ready formed in 
the mineral kingdom, constituting the solid basis of this 
globe of ours. But notwithstanding the rapid progress 
which the analysis of minerals has lately made, it is 
still very uncertain whether it would be safe to trust 
altogether the result of these analyses* especially as we 
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are not able to form artificially compounds similar IS 
those which exist ready formed in the earth. 

It will be better, therefore, to refer the consideration 
of these numerous native compounds to the Second Part 
of this Work, and to satisfy ourselves at present with a 
general view of the compounds which the earths are 
capable of forming, a description of those mixtures 
which are employed in the manufacture of stoneware 
and porcelain, and an account of those combinations of 
earths and metallic oxides which form the different 
enamels with which these substances are covered. These 
topics will form the subject of the two following Sec- 
tions. 


SECT. I. 

OF EARTHY COMBINATIONS IN GENERAL* 


That several of the earths have a strong affinity for 
each other, and are therefore capable of forming combi- 
nations, is a fact now well known to the chemical world : 
Difficulty cf But it is by no means an easy matter to form these 
cLnhsT £1& combinations artificially. If the earths be mixed to- 
gether in a state of powder, they do not combine in- 
timately and as few of them are soluble in water, re- 
course cannot be had, except in a very few cases, to the 
intervention of that liquid. . Chemists, therefore, when 
they wish to combine the earths together, have scarce- 
ly any other agent to employ except fire. This agent 
answers exceedingly w ell in combining the metals with 
each other, and converting them into alloys : But with 
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respect to the earths the case is very different ; for no 
fire which can. be produced is sufficiently violent to melt 
a considerable quantity of any of the earths, barytes 
and strontian excepted. 

It is true indeed that silica, and perhaps all the other 
earths, may be melted by a process invented by Saus- 
sure. He cements a very minute particle of quartz, or 
any other substance whose fusibility is to be tried, t,o 
a slender fibre of cyanite and exposes it in that state 
to the action of the blow-pipe. He supposes the inten- 
sity of the heat inversely proportional to the diameter 
of the globule produced. Any heat therefore whatever 
may be communicated by means of the blow-pipe, by 
diminishing sufficiently the bulk of the particle subject- 
ed to its action. The limit of intensity is when the 
particle cannot be farther diminished without render- 
ing the globule produced too small to be seen distinctly 
by a microscope, and to be measured by means of a mi- 
crometer. Saussure found that the heat necessary to 
melt quartz is equal to 4043 ° Wedgewood ; that which 
melts alumina is 18900 ° Wedgewood f. 

The temperature, then, at which the earths melt is 
inconceivably high : but the quantity of these bodies 
which can be in this manner subjected to experiment, 
is by far too minute to draw much satisfactory infor- 
mation from it respecting the nature of the compound 
which the earths are capable of forming with each other. 
Luckily it is in many cases not necessary to have re- 
course to it. It is well knowm that several of the me- 


This is a blue coloured transparent stene, to be afterwards described. 
1: Jour, ds Floys, xlv, 3. 


Chap. I. 


Their fu- 
sing tem- 
perature. 


Towered by 
mixture. 
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tals, which rebuke a very high temperature to bring 
them to fusion, melt readily when mixed with a por- 
tion of some other metal. Thus platinum, the most 
infusible of them all, melts readily when combined with 
arsenic. The same thing happens with several of the 
earths, as Kunkel first discovered : alumina, for in- 
stance, though perhaps the most refractory of them 
all, enters very speedily into fusion when mixed with 
a proper proportion of silica and lime. Chemists have 
taken advantage of this property. They have mixed 
the earths together in various proportions, and then 
subjected them to heat. The affinity between them 
was judged of by the degree of fusion which they under- 
went, Mr Pott was one of the first chemists who laid 
open this method of proceeding. His Lithogcognosia % 
which was published in 1746, must have been the re- 
sult of immense labour. It may be considered as the 
harbinger of all the mineralogical discoveries which fol- 
lowed. Achard * of Berlin published, in 1780 , a long 
list of experiments, in which he exposed various mix- 
tures of earth to the heat of a porcelain furnace. This 
was the first direct set of experiments on the combina- 
tions of earths; for Pott, and Macquer and Darcet who 
followed him, had confined themselves to native combi- 
nations. MrKirwan, in 1794, published a still more 
accurate set of experiments f on the same subject. 
Since that time the combination of the earths has occu- 
pied the attention of Morveau J ; not to mention the 
interesting experiments of Klaproth § and Saussure jj* 


* Af tm, Berlin, 1780, p. 69* f Mineralogy, i. 49. 

| Jour, de VEcole Polyteehn. 1 . iii. 298. and Ann. dc Cbim . XX Ku 246. 
§ Jvlaproth’fi BAirage, i. 1. {] Jour, dt Jbys. xlv. 3, 
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and the ingenious speculations of Saussure and Dolo- t Cha P- 1, 
mieu *. But the most important experiments on this 
subject are those of Darracq f and ChenevixJ ; because 
they have been made with substances in a state of pu- 
rity, and with the proper precautions to prevent erro- 
neous results. From the experiments of these philoso- 
phers, and from the accurate mineralogical analyses of 
Klaproth and Vauquelin, the following consequences 
may be drawn. 

1. There is an affinity between most of the different jetton of 

J m the earths 

earths : But this affinity varies considerably in intensi- on each 

ty. Certain earths combine readily with each other in othcr * 
almost every situation, while others cannot be combi- 
ned without difficulty. There are some combinations . 
of earths which are found native and abundant ; others, 
on the contrary, seldom or never occur. 

2. Certain earths when mixed together become very 
fusible, while other mixtures are as refractory as the 
simple earths themselves. The affinity between the 
earths must not be judged of by this increase of fusi- 
bility ; for several earths which have a strong affinity for 
each other do not form fusible mixtures at all. In ge- 
neral, mixtures of earths are fusible only when mixed in 
certain determinate proportions. 

3. The three alkaline earths, lime, barjtes, andstron- Alkaline 
tian, resemble one another in their disposition to unite 
with the other earths. Like the alkalies, they com- 
bine with alumina and silica, but show no affinity for 
magnesia nor for each other. Their action on the new 
earths has not been examined. 


earth*. 


* Jour . de Phyt. xlv. 3 . passim. 
I Phil. Tranr. 1 Soz. 


f dt CUm, ll. < 7 - 
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When barytes and alumina are boiled together in a 
sufficient quantity of water, they combine, and form 
two compounds : one of which, containing an excess of 
barytes, remains in solution ; the other, containing am 
excess of alumina, is in the state of an insoluble pow- 
der. When barytes and silica are fused together in a 
platinum crucible, they combine, and form a friable 
blistered mass, of an apple green colour, which is so- 
luble in all the acids, but imperfectly soluble in water. 
If this compound be boiled in water, it separates into 
two portions: one, containing an excess of barytes, dis- 
solves, but the presence of the silica prevents the barytes 
from crystallizing ; the other remains in the state of 
an insoluble powder. Barytes, purified in the usual 
way, always contains a portion of silica, which it pro- 
bably takes from the crucible in which it is prepared*. 
So great is the affinity of barytes for silica, that it se- 
parates silica from potash f . The affinity between alu- 
mina and barytes is not strong enough to separate these 
two earths when the solutions of them in the same aeid 
are mixed together. Muriates of barytes and alumina, 
for instance, when mixed together, afford no precipitate, 
provided the salts be pure 

Barytes is usually found native combined with acids; 
but it occurs sometimes united to silica ; and the siau- 
r elite , which is a transparent crystallized stone, is a 
compound of silica, alumina, and barytes. 

4. Strontian resembles barytes exactly in its affinities 


* Van qu ell n, Ann. de CLh::. xxk. 273. f Morveau, Ibid. xxxi. 248. 
% Darmcq, Ibid., xl, 57.- — Chcnev-ix on Cirundutr, p. 17. — PHI, Tt\ws* 

T <* 
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for the earths. It unites precisely in the same way t Chap. L 
with alumina and silica, and precipitates silica from 
potash. It shows no tendency to unite with magnesia ; 
nor is its affinity for alumina strong enough to occasion 
a precipitate when the muriates of strontian and alumi- 
na are mixed together. It shows no tendency to unite 
with barytes. 

Strontian alwaj-s occurs native combined with acids ; 
at least it has never yet been found united to earths. 

5. Like the other alkaline earths, lime has a strong 3- kime- 
affinity for alumina and silica. Scheele first observed, 
that when alumina is mixed with lime-water, it com- 
bines with the’ lime, and leaves the water in a state of 
purity The compound thus formed is insoluble in 
water. Chenevix has shown, that this affinity be- 
tween lime and alumina facilitates the solution of lime 
in a fixed alkali. When a solution of potash is boiled 
upon pure lime, no more of it is dissolved than would 
have been taken up by the water alone which holds 
the potash in solution ; but when potash is boiled in a 
mixture of lime and alumina, this last earth is dissol- 
ved, together with a much greater proportion of the 
lime than can be ascribed to the action of the water 
alone f *. The affinity, however, of these two earths for 
each other is not strong enough to occasion a precipi- 
tate when their solutions in the same acid are mixed to- 
gether. Thus no precipitate falls when muriates of 
lime and alumina are mixed J. 

Gadolin first remarked that lime-water forms a pre- 


* Scheele, i, 196. f Poll. Trans. l8o2,p 0 346. 

5 Darracq, Ann, Je Chim . xl. 58. and Chenevix, Ibid. 
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Book II. cipitate with a solution of silica in potash i and Mor~ 
Division IfL . * . . . _ _ 

veau ascertained that this precipitate is a compound of 

the two earths. This has been confirmed by the expe-* 

riments of Darracq and Chenevix. 

Lime indicates no tendency to combine with the 
other alkaline earths. It occurs most frequently native 
combined with acids ; but it constitutes likewise, not 
unfrequently, a constituent part of stones, and in that 
case it is combined with other earths. If we except the 
tremolite , which is a compound of silica and lime, or 
perhaps rather carbonate of lime, and which sometimes 
contains soda, all the earthy compounds containing lime 
consist of three ingredients, namely, silica, alumina, and 
lime. The different varieties of Zeolites afford examples 
of this compound, f 

4. Magne- 6* Magnesia has a very marked affinity for alumina $ 
but it shows no tendency to unite with any of the other 
earths. This affinity was first pointed out by Mr Che- 
nevix in his analysis of magnesian stones *. When 
magnesia is held in solution by acids, it is only precipi- 
tated partially by ammonia ; and if there be an excess 
of acid present, it is not precipitated at all ; because 
ammonia and magnesia form triple salts with acids* 
which are soluble : But if a sufficient quantity of alu- 
mina be present in the magnesian solution, the whole 
of the magnesia is thrown down in combination with 
the alumina. In the same manner, when an alka- 
line carbonate is poured into a solution of magnesia, no 
precipitate is formed, because the carbonic acid evolved 
is sufficient to hold the whole of it in solution ; but if 


* & Cbim* xsvui. 
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aluniina be present* the alkaline carbonate throws down 
both of the earths in combination. When potash is 
boiled upon this compound of magnesia and alumina, 
only a very small proportion of the alumina is dissol- 
ved ; the greater part being retained by its affinity for 
the magnesia* By dissolving the residuum in muriatic 
hcid, and precipitating by carbonate of potash, a por- 
tion of the magnesia is retained In solution. Potash 
boiled on the residue dissolves a new dose of alumina* 
By repeating these processes alternately, the two earths 
may be separated from each other *. Thus we see that 
the action of magnesia on alumina is the reverse of the 
action of alumina on lime ; the last promotes the solu- 
tion of the lime, whereas the first prevents the solution 
of the alumina- 

Magnesia, when mixed with silica, forms a fusible 
compound; but the mixture of this earth with barytes, 
with strontian, with lime, or with alumina, is not fusi- 
ble in the heats of our furnaces* 

Magnesia is frequently found native combined with 
the other earths* These native combinations consist 
sometimes of two earths, sometimes of three, and in ge** 
neral some metallic oxide is also present. They may 
be comprehended under three classes : 

1. Alumina and magnesia, 

2. Silica and magnesia, 

3. Silica, alumina, and magnesia. 

To the first of these classes belongs the ruhy ,* to the 
second, steatites and hiffekiUe } to the third, the cyamte 
or sappare of Saussure. A soapy feel, and a certaia 


Chap. L 


* Cheaevlx on Gorundvmy p. * 7 . 
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llr ‘ 1 f, i -witness and opacity, lias been considered as a 
• hm ui t f m ist if' of the earthy combinations which contain 
m.vnr-.ia ; hut the ruby and cyanite are both of them 
f i >ui* j wiifut ami hard. It is worthy of attention, that 
ma.Miesin enters into fewer fusible compounds than any 
A the alkaline earths. 

Alumina, as lias been already remarked, has 
an affinity jhr all the alkaline earths. It has also an 
Amity tor silica. When silicated and aluminatedpot- 
%h mr mixed together, the mixure in about an hour 
a sum s opaque and gelatinous, evidently in conse- 
nt.: r < .i f the combination of the two earths*. When 
?hr, precipitate is dried and analysed, it yields both si- 
lorn ami alumina. The presence of alumina, as Mr 
Chrnrvix lias remarked, facilitates the solution of silica 
m potash. When a mineral containing both silica and 
asim tiiii is fused in the usual way with a sufficient 
* .mm? Uy ot potash, and then dissolved m muriatic acid, 

.. i.uiuher of while Hakes frequently remain, which the 
j j, 4 mi •qijihie oi dissolving. These white flakes are 
siliceous earth. Their quantity is greatest when 
j j, .portion of the silica over the alumina is greatest. 
y\, ;i j lie piopnrt ion of alumina is considerable, the 
y.;,;,. n ..,jduc is mss, and in some cases it disappears 

■ • tiou l . 

Ac.-au.t outers into fusion with none of the othei 
; ^ iq)t and not even with the fixed alkalies, 
p. !i<: , j r'.pcct it; differs exceedingly from silica ; which, 
; 'HuiUv tmtncroiis fusible compounds that it is capa- 
J;. was formerly called the vilrifiablc earth. 


, .Inn. ,/c Oh:. XXXJ. 34 A 


Awrv* ,n 


f UjM. jxviii. ao;. 
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fiat alumina enters into several triple earthy mixtures 
which are fusible. Thus mixtures of alumina and si- 
lica with any of the alkaline earths, and with magnesia, 
are fusible. 

Alumina is found native in great abundance, and al- 
most always combined with other earths or with me- 
tallic oxides, for which it has a very strong affinity. 
The native earthy combinations, of which it consti- 
tutes an ingredient, may be divided into six classes. 
These are. 


Chap. I. 


1. Alumina and magnesia, 

2. Alumina and silica, 

3. Alumina, silica, and barytes, 

4. Alumina, silica, and lime, 

5. Alumina, silica, and magnesia, 

6. Alumina, silica, and glucina. 

To the first of these classes belongs the ruby j to the 
second, mica, chalcedony , &c. ; to the third, staurolite ,« 
to the fourth, zeolites; to the fifth, cyanite ; and to the 
sixth, the emerald . These minerals will be described 
hereafter. All the compounds into which a consider- 
able portion of alumina enters are pretty heavy, and se- 
veral of them are exceedingly hard. 

8. Silica, as we have seen, has an affinity for the al- Silica, 
kaline earths and alumina. It has likewise an affinity 
for zirconia. When a mixture of this last earth and 
silica is heated strongly, it shows a tendency to fusion 
It fuses, as we have seen already, with barytes, stron- 
tian, lime, and magnesia ; so that alumina is the only 
earth hitherto tried with which it does not enter into 
fusion . . 


VoL IL 


* Morveau, Ann. tie Chim. xxxi. 259. 
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Silica is found native more abundantly than any of 
the other earths. It also enters into a greater variety 
of combinations, but almost always with earthy bodies* 
The combinations of which it is known to constitute a 
part may be reduced under eight classes ; namely. 


X. Silica and alumina, 

2. Silica and lime, 

3. Silica and 'magnesia, 

4. Silica and zirconia, 

5. Silica, alumina, and limtf, 

6. Silica,, alumina, and magnesia, 
*Z. Silica, alumina, and glucina, 

8. Silica, alumina, and barytes. 


All of these classes have been mentioned already, and 
instances given of minerals belonging to ench, except 
the fourth, to which belong only the zircon and the hy- 
acinth. 

The most beautiful earthy combinations are those 
w T hich consist chiefly of silica and alumina* To that 
class belong almost all the gems* The combinations of 
these two earths a»re also the most useful ; for they con- 
stitute the basis of porcelain, stoneware, glass pots, and 
all the different earthen utensils. 

Combine 9. Several of the earths are capable of combining. 

tions of me- likewise with metallic oxides, and of forming com- 
tallic oxides . ° 

and earths, pounds ; the nature of which has scarcely been exami- 
ned by chemists* All the oxides which fuse readily 
into a glass are capable, in that state, of combining 
with earths by the assistance of heat, and of forming 
opaque compounds, known by the name of enamels £ 
some of which will come under our consideration a£* 


m wards. 
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Hitherto only six metals in the state of oxides have 
Wen found native combined with earths* These are, 

1. Chromium, 4. Zinc, 

2. Nickel, 5. Manganese* 

3. Copper, 6. Iron. 

Chromium constitutes vfery frequently the colouring 

inatter of the fuhy, in which it is combined with alu- 
mina and magnesia ; but this metal does not appear to 
have any remarkable tendency to combine with earths 
except when it is in the state of an acid; 

Nickel has been detected by Klaproth in the chryso- 
prase, and in the green matter called pimelite which 
sometimes accompanies it ; but whether the combina- 
tion is chemical, or merely a mixture, has not been as- 
certained. 

The oxide of copper shows no peculiar tendency to 
unite with earths, and hitherto it has been detected in 
one earthy compound only ; namely, the smaragdite, a 
mineral which contains 1*5 per cent, of oxide of copper* 
But whether this oxide be chemically combined or 
merely mixed with the other ingredients is not known. 

The oxide of ziuc has been found native combined 
with silica in different varieties of calamine. That 
these bodies are chemically combined has been demon- 
strated by Mr Smithson in his valuable paper on cala- 
mines*. 

It has been found likewise combined with alumina in 
a singular mineral lately analysed by Ekeberg, to Which 
he has given the name of automalite. This mineral is 
of a dark green colour, crystallized in octahedrons 


Chap; 


i. Chromic 
tun; 


2 . Nickel. 


3. Cbpper. 


4. Zinc. 


* Mil. Trdns. 1803. 
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Bcnfclh composed of thin plates, which have some transparency. 
Division Ilf , t ] ie en ti r e crystals are opaque. It is harder than 

quartz; its specific gravity varies from 4'17*77 to 
4’ 3 714 (but the specimens tried were not pure). Its 
powder has a light green colour. Before the blow-pipe 
it does not melt nor change its colour ; but with boras: 
it melts into a glass* colourless when cold, but green 
while hot This mineral, which has some resemblance 
to the spinel^ was found composed of 60 parts alumina 
and 24j oxide of zinc ; 9^ oxide of iron, and 4 % si- 
lica *. 

5. Mans-a- But it is in the oxides of manganese and iron* espe- 

ncse * daily the latter, that the affinity between the earths and 

metallic oxides is most conspicuous. The oxide of 
manganese occurs native combined with barytes ; and 
it is usually a constituent of the black and dark red co- 
loured stones, as j report, garnet , &c. But when combi- 
ned with earths, if we except barytes, it forms, in all 
cases hitherto observed, a very small proportion of the 
compound. 

6 . Iron. The oxide of iron is one of the most common consti- 

tuents of minerals. It is found in a state of combina- 
tion with almost every earth. To it indeed, in most 
cases, is the colour of minerals to be ascribed. No 
less than seven distinct colours, besides a great variety 
of shades, are observed in minerals containing iron 5 
and to the iron in most cases is the colour to be ascri- 
bed. These colours are, 


1. White .....*.The sommite, &c. 

2. Biack Obsidian 


* Gehlcn’s Jour. v. 442. 
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3. Green Euclase, thallite Chap. i. 

4. Blue Lazulite, native prussian blue 

5. Red ...Garnet, ruby 

6. Yellow Topaz 

7. Brown Tourmaline 


From the experiments of Kirwan we learn that 
iron forms a fusible mass when mixed with barytes, 
lime, alumina, and silica, when it exceeds the propor- 
tion of earth considerably. With magnesia it forms an 
enamel, but scarcely fuses completely. It renders a 
mixture of alumina and silica fusible at a very low heat 
when in the proper proportion, 

10. During the fusion of several mixtures or combi- Earthy- 
nations of earths, especially those which are tound na- 

tive, the mixture very often frothes considerably , and h-oth da- 
J ring fusion, 

emits a great number of air bubbles. The emission of 

these air bubbles can only be referred to one or other of 
three causes. Either a quantity of water leaves the 
mixture in the form of steam, or the metallic oxides, 
which are almost always present, are reduced, and al- 
low their oxygen to escape in the form of gas ; or, 
lastly, the earths themselves undergo some change, 
and let go a portion of their oxygen in the form 
of gas. It is probable that the phenomenon is part- 
ly owing to all these causes ; for these earthy mixtures 
tire much lighter after having been exposed to the ac- 
tion of the fire than they were before. Thus a mix- 
ture of equal parts of silica and magnesia, after being 
heated to 134° Wedgewood, lost -0*1 3 5 of its weight ; 
and a mixture of equal parts of alumina and barytes 


# Mineralogy % i. 58. 
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Book IT. lost in the same situation 0*275 of its weight Now 
Division HI. 

— y— ^ so great a loss as this cannot be ascribed to an y other 
cause than the evaporation of w&ter. 

Again, several minerals which are coloured by a me- 
tallic oxide become transparent when exposed to a very 
violent heat ; a change which must be occasioned by 
the revival or dissipation of the metal. This is the 
case, for instance, with the brown obsidian lava of Do- 
lomieu, with the lazulite, and with schorl f. Now it 
is exceedingly difficult to free the earth completely from 
all metallic bodies ; especially alumina, the earth most 
remarkable for giving the property of frothing to earthy 
mixtures. 

Concerning the third cause of the frothing of mine- 
rals, namely, the decomposition of the earths them- 
selves, nothing like precision could be expected till the 
component parts of the earths were discovered. Hum- 
boldt announced some time ago, that the earths have the 
property of absorbing oxygen from the atmosphere. In 
that case the frothing might, in some instances at least, 
be ascribed to the emission of this oxygen on the appli- 
cation of heat; but the experiments of Humboldt have 
been tried without success by Saussure, Fabroni, Cham- 
py, Berthollet, and Delametherie J. He has lately, 
however, announced that he has repeated his experi- 
ments successfully in concert with Gay-Lassac ; he 
even declares his belief that earths are capable of com- 
bustion as well as other bodies §. Mr Humboldt has 
pot yet published a detailed accovmt of these latter ex- 


* Moryeau, Jour del' Ecole Polyteclnique, I. Hi. 306. 
f Saussure, Jour, de Pbys. xlv. 16. % Ibid. lii. 60. 

J Pehlen’s Jour, y. 232, 
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periments ; of course, we are ignorant of the way in Chap. r. 
which they were performed, and of the degree of pro- * v 
bability which they give to his opinion : an opinion 
concerning which it would be unfair to decide without 
farther evidence. 

We now know from the discoveries of Mr Davy, 
that the bases of the alkaline earths are very combusti- 
ble metals, These earths of course are products of 
combustion, and -therefore incombustible. If Mr Hum- 
boldt's opinion referred to the bases of these earthy bo- 
dies, it was oorrect ; but if it referred to the earths them- 
selves, it was erroneous. 

II. There is another phenomenon respecting the fu- Sometimes 
sion of earthy combinations which has not been hither- infusion! 1 " 
to explained. Some minerals, when exposed to the ac- 
tion of heat, melt very readily, and generally with a 
good deal of frothing ; but if the heat be continued, 
they soon become solid again, and do not fuse unless 
the temperature be considerably augmented. This is 
the case with prehnite , thallite , and some felspars. Thus 
the prehnite undergoes its first fusion at 21° Wedge-* 
wood, its second not till it he heated to 81° *. It can- 
not be doubted that in this case some one or *other of 
the ingredients which contributed to the first fusion 
must be driven off ; especially as the mineral after fu- 
sion loses entirely its original appearance and proper- 
ties. The late important experiments of Sir James Hall 
on the exposure of carbonate of lime to strong heats, 
uncle r such a pressure as prevents the escape of the car- 
bonic acid, have shown that this substance, under these 


* Saussure, Jour . de -Ploys, xlv. 
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Often de- 
pends on 
cooling. 


clrcurr stances, acts the part of a flux, and contributes to 
the fusion of the carbonate of lime., which he has ac- 
complished in a great variety of instances. It would 
not be surprising if the first fusion of the zeolites were 
owing to the presence of carbonic acid, and the frothing 
to the escape of that substance. This conjecture seems 
to have struck Sir James Hail, whose skill in that diffi« 
cult department of chemical investigation will no doubt 
enable him in a short time to confirm or refute it. 

12. A change no less curious is produced on the ap- 
pearance and fusibility of some minerals by the slow- 
ness or rapidity with which they are cooled after being 
subjected to fusion. Whin stone ( greenstone of Wer- 
ner), for instance, is a mineral which fuses when raised 
to a temperature between 40° and 55° Wedgewood* 
If it be allowed after fusion to cool rapidly, it is con-* 
verted into a dark- coloured glass much more fusible 
than the original whinstone ; but if it be made to cool 
very slowly, it assumes an appearance which has some 
resemblance to the original whinstone. In this state it 
is much less fusible than the glass. Sir James Hall, the 
discoverer of this curious fact, has given the whin in 
this last state the name of crystallite, a term suggested 
by Dr Hope. Tims the rock on which Edinburgh 
Castle is built fuses at the temperature of 45° Wedge- 
wood. By rapid cooling it is converted into a glass 
which melts at 22° ; by slow cooling into a crystallite 
which melts at 35°. The whin of Salisbury Craig fu- 
ses at 55° 5 its glass at 24° ; its crystallite at 38° *. 
Lavas agree with these minerals in this respect. The 


* Ed In. Trum, V. 75. 
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following Table exhibits the degree of Wedgewood’s Chap. I. 
pyrometer at which the rocks tried by Sir James Hall 
undergo fusion in their natural state, in the state of glass, 
and in the state of crystallite *. 


Substances. 

Original 

State. 

Glass. 

Crystal- 
lite. . 

Whin of Bell’s Mills quarry. 


' 


(greenstone),... 

o 

0 

15° 

32° 

Whin of Edinburgh Castle, (por- 




phyry slate), 

45 

22 

35 

Columns, Arthur Seat, (gr. stone), 

55 

IS 

.35 

Whin near Duddingston Loch, 




(greenstone), 

43 

24 

38 

Whin of Salisbury Craigs, (ditto). 

55 

24 

3S 

Whin from Water of Leith, 




(ditto), 

55 

16 

37 ' 

Whin of StafFa, (porphyry slate), 

3S 

14,1 

35 

Lava of Catania, 

33 

IS 

3S 

Lava of Santa Venere, Piedi- 




monte, 

Lava of La Motta, ................. 

32 

IS 

36 

36 

18 

36 

Lava of Iceland,... 

35 

15 

43 

Lava of Torre del Greco, 

40 

IS 

28 

Lava of Vesuvius, 1785,... 

IS 

IS 

35 


Sir James Hall has ascertained, that the crystalliza- 
tion of these bodies depends upon the length of time 
they are allowed to remain in a higher temperature 
than that in which the vitreous fusion takes place. A 
minute or two is sufficient to induce the change ; but it 
is more complete the higher the temperature is above 
the point of vitreous fusion while the crystals are form- 


** EtUi:. Trans, v. yg. 
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ing ; provided always it be not so high as to prevent 
<— v- — ' the crystals from shooting. 

The striking difference in the fusibility of these bo- 
dies seems to depend upon the way in which the com- 
ponent parts of the mineral are combined. When cool- 
ed rapidly, these component parts have not time to com- 
bine according to their affinities, but are huddled irre- 
gularly together. Of course the force of the affinities 
of those component parts which have a tendency to com- 
bine, must conspire with the action of the fire to destroy 
the cohesion of the parts ; the consequence of which 
must be fusion. Whereas in the crystallite, the com- 
ponent parts having had time to combine according to 
their affinities, instead of conspiring with the divellent 
action of the fire, oppose it by coinciding with the force 
of cohesion. In the first case two forces combine to 
produce fusion ; in the second, only one. Something 
similar to this may perhaps take place in those minerals 
Which undergo a double fusion, the first in a lower heat 
than the second * ** 


* Upon this subject the reader may consult a curious paper by the late 
Mr Gregory Watt, whose premature death must be deeply regr tteo by 
the cultivators of chemical science. He fused about seven hundred weight 

greenstone in a furnace, allowed it to cool slowly, and then examined 
the various changes it had undergone. See Phil. Trans . 1804. 
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OF STONEWARE. 


1 HE distinguishing character of alumma is to contract 
in bulk, and to acquire the hardness and solidity of a 
stony body, if it be made up into a paste with water, 
dried slowly in the open air, and then exposed to the 
strong heat of a furnace. It communicates this proper- Properties 
ty to the numerous tribe of clays , which are so com- ° C ay * 
mon in most countries ; a property which has doubt- 
less suggested the applying of clays to form various 
vessels and other bodies for the purposes of the arts and 
of domestic economy. Clays consist essentially of alu- 
mina and silica mixed in various proportions; and baked 
clay, of course, must be considered as a compound of 
these two earths. We shall, in the present Section, take 
a short view of the manufacture of the various substan- 
ces formed of baked clay. As there is no single term 
in our language which comprehends all these bodies, I 
have given to the Section the title of stoneware, which 
includes the greater number of them. These bodies 
may be divided into four sets ; namely, bricks and tiles, 
pots and crucibles , stoneware and porcelain . A detailed Glay vessels 
account of the manufacture of these bodies would be 
improper in this place, and is not intended 5 such a 
sketch only is meant as may lead the reader to the prin- 
ciples of the art. 
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I. Bricks and Tiles. 


The clay. 


JiTanr. fac- 
tors of 
lurkks'.. 


Bricks are oblong masses of baked clay, used as a 
substitute for stones in building, and tiles are prepared 
ior covering the roofs of houses. The use of them may 
be dated from the most remote antiquity; and when 
properly prepared, they are little inferior in durability 
to stony bodies themselves. Many ancient monuments 
built of brick still remain entire. 

Bricks are prepared from the common blue clay, 
which occurs in abundance in almost all countries. It 
ought to be of such a nature as not to be liable to fu- 
sion when exposed to a strong heat ; at least if the 
bricks are intended to withstand the action of fire. The 
presence of. a portion of lime renders clay fusible. If 
the clay contains too little sand, the bricks are liable 
•to crack in cooling ; too much, on the other hand, pre- 
vents the proper degree of cohesion. Hence the good- 
ness of the bricks depends upon the clay of which they 
are made, which can only be ascertained by experience. 
It depends also upon the degree of heat employed in ba- 
king them. When not sufficiently burned, they are li- 
able to crumble down in a very short time. 

The clay is dug out of the earth, and after being ex- 
posed for some time to the air is reduced to powder, 
and formed into a paste with water. The bricks are 
then formeddn moulds, exposed for sometime to dry in 
the open air, and then burnt in a large furnace con- 
• stmeted on purpose. Tiles are formed in the same way. 
The clay, however, is finer, and it is usually ground in 
a mill. Bricks and tiles should be impervious to water : 
They should be capable of withstanding the action 
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#f heat, and not be subject to moulder. The clay of 
which these substances are made always contains iron ; 
hence the red colour which they acquire in burning. 

II. Pots and Crucibles. 

For various manufactures it is necessary to have 
vessels capable of resisting very violent heats without 
fusion, even when in contact with bodies that act the 
part of fluxes. This is the case for instance in glass 
making, and in the smelting of the ores of the difficult- 
ly fusible metals, as iron and copper. The glasshouse 
pots are formed of the purest kinds of clay that can be 
procured. By pure clay is meant a, clay free from lime, 
and from any great proportion of iron. Sturbridge clay 
is commonly used for the purpose in this country. To 
prevent it from contracting too much in bulk when heat- 
ed, it is mixed with a proper proportion of old pots re- 
duced to powder. The pots are baked in a mould with 
great attention, and afterwards allowed to dry as slowly 
as possible. They are afterwards baked in the requi- 
site degree of heat. 

The crucibles used* for chemical purposes are pre- Crucibles 
pared of similar materials. Sometimes sand is used in* 
stead of old crucibles ; sometimes plumbago is substi- 
tuted. The crucibles are then called black lead cru- 
cibles 


* For a detailed account of crucibles and clay furnaces, the reader is 
referred to Baume’s Chemistry iii. 21 3. The best account of furnaces for 
chemical purposes which has hitherto appeared in the English language, 
is given by Dr Lewis at the bejrnnnig of his Philosophical Commerce of the 
fh'ts. Practical chemists will do well to consult that important treatise. 
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' — v — 1 III. Stoneware. 

Antiquity. The manufacture of vessels of stoneware is of very 
ancient date. It seems to have originated among the 
Asiatic nations* and was probably carried on in the 
East from time immemorial* pretty much as it is prac- 
tised in India at present. It was well known to the 
Jews, as wt learn from the Old Testament, long before 
the Babylonish captivity. Stoneware vessels differ from 
each other in their fineness, according to the purity of 
the materials of which they are composed ; and accord-* 
ingly are distinguished in this country by a variety of 
names, such as jlint-ware , yellow ware, queen's v ' ware f 
Wedgewood-ware , See. 

Vessels of stoneware consist essentially of two parts* 
1. The body of the vessel called the biscuit. 2. The 
glassy covering with which it is coated called the 
glaze. 

Thehlscuit. The biscuit is composed of two ingredients ; the first 
is a fine white clay, known by the names of tobacco - 
pipe clay and potters clay, and the second a fine white 
sand. In this country the sand is procured by calci- 
ning flints to whiteness, and grinding them in a mill. 
The glaze consists of various ingredients according to 
circumstances. We shall first -take a view of the pre- 
paration of the biscuit, and then of the glaze. 

Method of Staffordshire is the county in which the greatest 

preparing quantity of stoneware is made in Britain. Hence it is 
often called Staffordshire ware . The clay employed in 
the manufactures is brought from Dorset and Devon- 
shire, and the flints from the south-eastern counties* 
The day is reduced nearly to the . consistence of milk 
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with water, and the liquid passed through lawn sieves 
gradually increasing in fineness. By this means all 
the coarse sand is separated, and only the minutest par- 
ticles of the clay left suspended in the water. The flint* 
previously ground to a very fine powder between mill- 
stones of chert (hornstone), is mixed with water se- 
pal ately, and brought to the consistence of cream. 
These two liquids containing the clay and. the flint are 
mixed together in various proportions according to 
circumstances ; the flint liquor, in some cases, amount- 
ing to -J-th, in others to £th of the whole. The mixed 
liquid, after being well stirred, is let into troughs, and 
evaporated to the proper consistence. This mixture is 
then taken out, and kneaded into a fine dough. This 
part of the process is tedious, but essential ; as it is ne- 
cessary that the whole should be equally mixed, and of 
the same consistence. The dough thus prepared, is 
kept for use in damp vaults ; from which it is taken as 
occasion requires, and given to the workmen, who 
mould it on the lath to the proper shape. The vessels 
thus rudely formed are in good weather dried in the 
open air ; but in bad weather, in stoves heated for the 
purpose. When sufficiently dry to bear it, they are 
carried back again to the lath to have their asperities 
taken off, and the exact shape given. They are then 
allowed to dry as completely as possible. Afterwards 
they are put into cylindrical earthen vessels, formed of 
pounded fire-bricks and clay, called seggars ; and when 
the shape will admit, each seggar is filled with the ves- 
sels to be baked, laid one above another. These seg- 
gars are piled one above another in a large circular 
kiln capable of holding a considerable number. When 
the seggars are put in, the door of the kiln is built up 
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i. Galena, 


2. Common 
salt. 


3. Enamel, 


with bricks, and plastered over with clay. A number 
of furnaces built round the kiln, the flues of which meet 
in the middle of it, are then kindled, and thus raise the 
kiln and its contents to a very high temperature. The 
fire is kept up for 48 hours, and then allowed to go out. 
The vessels, when taken out, are now in the state of 
hiscuit . They resemble a tobacco pipe in appearance, 
and like it absorb water with avidity. They could not 
be employed commodiously, on account of this proper- 
ty, till their surface is covered with a glaze. 

The gla%e employed to cover vessels of stoneware 
may be distinguished into three kinds ; namely, galena , 
or sulphuret of lead, common salt , and enameL 

Galena is employed only to glaze tiles and the coar- 
sest kinds of stoneware. When laid upon the biscuit, 
and exposed to the proper temperature, the sulphur is 
dissipated, and the lead oxidized. This oxide has a 
strong tendency to vitrefy* and in that state to unite with 
earthy bodies. The brown glaze on the coarse stone- 
ware, then, is nothingelse than glass of lead. Such ves- 
sels are dangerous when used to contain articles of food, 
as the glaze is easily corroded and dissolved by acids 
and various saline bodies. 

Common salt is employed to glaze the surface of finer 
stoneware vessels. The process is curious. When 
the biscuit is sufficiently baked, a quantity of common 
salt is introduced into the kiln. The heat converts 
this salt into a vapour ; it penetrates the scggars through 
holes left on purpose, and surrounds the biscuit with an 
atmosphere of salt. The salt, by combining with the 
surface of the biscuit, disposes it to vitrification. 

Enamel is nothing else than an opaque glass melted 
over the surface of the biscuit. It consists essentially 
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of various proportions of oxide of lead mixed with t Chap, 
sand and glass. Mr Wedgewood published the follow- 
ing as the enamel which he used : One hundred parts 
of lead are melted with from 15 to 40 parts of tin, and 
the mixture oxidized completely, by exposing it to heat 
in an open vessel. One hundred parts of this oxide are 
mixed with 100 parts of a fine white sand, Composed of 
three parts silica and one part of talc, and with about 
25 parts of common salt. This mixture is melted, then 
reduced to powder, and formed into a liquid of the 
consistence of cream. According to Dr Watson,, the 
yellow glaze Used in Staffordshire is composed of 112 
parts of white lead, 24 of ground flint, and six of flint 
glass, mixed with water to the consistence of cream 
The biscuit is dipt into this liquid and drawn out again; 
by this means its surface is covered with the solid mat- 
ter of the enamel, the water being speedily absorbed. 

The vessels are put into the seggars as before, but a lit- 
tle crosfc of stoneware is interposed to* keep them sepa- 
parate. They are put again into the kiln and heated as 
at first. The enamel melts into a glass, and spreads 
equally on their surface. The excellency of a good ena- 
mel is, that it easily fuses into a kind l # of paste at the 
heat which is necessary for baking stoneware, and 
spreads equably on the vessel, forming a smooth glassy- 
surface, without losing its opacity, or flowing complete- 
ly into a glass. Its whiteness depends upon the pro- 
portion of the tin, its fusibility upon the lead 


* ChemUil Essays ,iL a 

f For an account of the manufacture of stoneware, the reader may 
consult Baumc's Chemistry, iii. and Watson’s Chemical Essays, il. 
256. 
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v — ' IV. Porcelain, 

History. The finest kind of stoneware, called porcelain, does 
not differ essentially from the common stoneware just 
described ; but it is more beautiful and more capable 
of resisting the action of chemical agents, on account of 
the purity of the substances of which it is composed, 
and the nature of the enamel with which it is covered.* 
It was early brought to a state of considerable perfec- 
tion in China and Japan, but the discovery of the art of 
making it in Europe is of a much later date. Speci- 
mens of it were brought first from China and Japan to 
modern Europe *. These were admired for their beau- 
ty, were eagerly sought after, and soon became the or- 
naments of the tables of the- rich. Various attempts 
were made to imitate them in different countries of Eu- 
rope, but the greater number were without success. 
Accident led to the discovery in Germany about the be- 
ginning of the isth century. A chemist in Saxony,. 


* Porcelain vessels were known to the Romans, and called by them 
vasa murrLina. They were first brought to Rome by Pompey after the 
defeat of Mithridates, as we are informed by Pliny (lib. xxxvii. a.). The 
Romans were ignorant of the mode of manufacturing them, but imported 
them from Pontus and Parthia. After the taking of Alexandria, a vessel 
of porcelain was the only part of the spoil retained by Augustus. That 
the vasa murrhina of the Romans were the same as our porcelain ves- 
sels, has been ascertained* as Whitaker informs us, by the porcelain found 
in the ruins of the ancient Lyons. The name percelain> if we believe 
Whitaker, comes from the French name of the plant portulaca olcracca or 
purslmn^ which has a purple-coloured flower. It got that name because 
the porcelain of the ancients was always of a purple colour. See Whita- 
ker’s (burse of Hannibal over the Alps, L 55, 
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during a set of experiments in order to ascertain tfie 
best mixtures for making crucibles, stumbled upon a 
compound which yielded a porcelain similar to the East- 
ern. In consequence of this discovery, Saxony soon 
produced porcelain scarcely inferior to that of Japan in 
beauty, and superior to it in solidity and strength : But 
its composition was kept secret ; nor were there any 
accurate ideas respecting the component parts of porce-; 
lain among men of science, till Reaumur published his 
dissertations on the subject in 1121 and 1129 . 

That celebrated philosopher examined the porcelain 
of Japan and the different imitations of it which had 
been produced in France and other parts of Europe* 
The texture of the first was compact and solid* but that 
of the imitations was porous* When both were expo- 
sed to a strong heat, the first remained unaltered, but 
the others melted into glass. From these experiments 
lie drew the following ingenious conclusions* 

Porcelain owes its semi transparency to a kind of sfc- 
mivitrification which it has undergone* Now it maty 
receive this tvto ways: 1. Its component parts may- 
be such as easily vitrify when sufficiently heated ; but 
the degree of heat givetl may be just sufficient to occa- 
sion a commencement of vitrification* This porcelain, 
when strongly heated will easily melt. Such* there**- 
fore, was the composition of the European imitations 
of porcelain. 2* It may be composed of two Ingres 
dients ; one of which vitrifies, but the other is not al- 
tered by beat* When a porcelain Composed of such 
materials is baked in a sufficient heat* the fusible part 
melts, envelopes the infusible, and forms a semitranspa- 
rent substance, which is not farther altered by the same* 
degree of heat. Such therefore must be the porcelain 
M m 2 
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Bot)k IT- of Japan. Father Entrecolles, a missionary to China 4 ,. 
DivisiuuIII. ' * 1 r , . 

^ i had sent an account of the Chinese mode of making- por- 

celain, which coincided exactly with this ingenious 
thought of Reaumur* The ingredients, according to 
him-, are a hard stone called petunse, which they grind 
to powder, and a white earth called kaolin , which is in- 
timately mixed with it. Reaumur found the petunse fu- 
sible, and the kaolin infusible, when exposed separately 
to a violent heat. 

These notions were not prosecuted farther by Reau- 
mur y but in 175S, the Count de Lauragais, assisted by 
Darcet and Le Gay, began a set of experiments which 
were continued for four years, and which led to the 
discovery of a porcelain possessed of the same qualities 
with that of China, and inferior only in whiteness. 
Macquer, who at. that time superintended, the manufac- 
tory of Sevres, advised the French government to pro- 
.• pose a reward for the discovery of earthy substances ca- 

pable of forming a white porcelain. This was done y 
and in conseqence of it, Villaris, an apothecary of Bour~ 
deaux, announced the existence of a white earth near 
Saint-Yriex-la-Perche, in the department of the Haut- 
IVienne, which in his opinion would answer the purpose* 
It was tried by Macquer with the expected success. A 
. porcelain manufactory was established at Sevres, and 
at. present there are no fewer than 3-0 in France*. Dif- 
ferent manufactures of porcelain have been successfully 
.established likewise in England ; first at Chelsea in the 
neighbourhood of London, and afterwards inCoalbrook- 
dale, and in Derby. 


f Fo army’s iVl tmoire sur It's Outrages dc Xerres cuh“s z p. 7 3 , 
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'* The essential ingredient of porcelain is a very pure t Cha p I. 
•clay known by the name of porcelain day . This is Forewarn 
equivalent to the kaolin of the Chinese. Macquer caTtIu 
and Baurne, in the course of their experiments, ascer- 
tained that very fine porcelain may be made by using 
the earth -of alum instead of clay; but the great ex- 
pence prevents the possibility of introducing it into the 
manufacture of that article with advantage. Sometimes 
porcelain day consists of materials mixed in such pro- 
portions that no addition is necessary 4 the biscuit made 
from it being susceptible of undergoing that semivitrifl- 
cation which gives the transparency and compact nature 
which distinguish porcelain. Such is the porcelain 
■clay of Limoges. According to the analysis of Hassen- 
fratz, it is composed of 62 silica 

19 alumina 
12 magnesia 
7 barytes 

ZOO * 

The porcelain clay of Cornwall, which does not acquire 
■transparency without addition, yielded to Mr Wedge- 

wood. . .60 alumina 

20 silica 
12 moisture 

- 8 loss 


100 f 


f Kir wan’s i. 17 c. 


♦ Ann. de Cbm . xiv. 144. 
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Giobert has announced that porcelain earth is some* 
times nearly pure magnesia and silica J. 

When an addition is necessary, the substance used is 
felspar , which is equivalent to the petunse of the Chi- 
nese. According to an anonymous German writer, the 
finest Saxon porcelain is formed by mixing together 
equal weights of ground felspar and porcelain clay§* 
The method of forming the biscuit of porcelain is the 
same as of stoneware, and therefore requires no parti* 
cular description. 

Porcelain is always covered with a glaze, composed 
of earthy ingredients without any mixture of metallic 
oxides. Hence the high temperature necessary to fuse 
it, and the property which porcelain vessels have of re- 
sisting the action of the most corrosive substances pre- 
cisely as common glass does. The substance common- 
ly employed is felspar ; which is composed essentially 
of silica and alumina united to some potash, to which 
the fusibility is to be ascribed. This is the glaze said 
to be used in Saxony, and, as Brogniart informs us, 
likewise at the manufactory of Sevres, near Paris. 

Vessels both of stoneware and porcelain are com,, 
monly painted of various colours. These paintings are 
often excellent, both in elegance of workmanship and in 
brilliancy of colours. The colours are given by means 
of metallic oxides, which are mixed up with other in* 
gredients proper to constitute an enamel, and applie in 
the usual manner with a pencil. 


t Nicholson’s Jour. xii. 277. 

$ Secret dc r ra /« Porcelains , &c: p. 6c8, at the end of the French 
translation of Nerds Art of Glass-making. 
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On this subject much light has been thrown by the Chap. r. 
experiments of Wedgewood ; and Brogniart has lately 
published a general account of the processes at Sevres, 
of which he is director*. 

The process differs a little according to the substance 
on which the colours are to he applied. When the ves- 
sels are covered with enamel, less flux is necessary, be- 
cause the enamel melts at a low heat, and the colours 
readily incorporate with it. But this renders them 
more dilute, and makes it often necessary to retouch 
them. The colours on enamel generally appear bril* 
liant and soft, and are not liable to scale. The flux is 
either a glass of flint and lead, or borax mixed with 
flint glass. The colours are usually made into a paste 
by means of gum water or volatile oils. Some of them 
are liable to alteration by the action of the lead on 
them. 

The colours applied upon hard porcelain, or porce- Painting on 
lain glazed with felspar, are nearly the same as those ap- P orcciain « 
plied on enamel, but more flux is necessary. They 
are not liable to dilution, as the felspar glaze does not 
melt at the heat requisite for fusing the colours and 
their flux. They are liable to scale off when repeated- 
ly heated. 

Colours are sometimes applied over the whole surface 
of the porcelain ; the flux in that case is felspar. 

But such colours are not numerous, because few oxides 
can stand the heat necessary for melting felspar without 
being altered or volatilized. 


* Phil. Mag, xiii. 34a, 
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1. Purple is given by means of the purple oxide of 
gold precipitated by the smallest possible quantity of 
muriate of tin. This oxide is mixed with a proper quan- 
tity of powdered glass, borax, and oxide of antimony, 
and applied with a pencil. It cannot bear a strong heat 
without losing its colour. 

2. Red is given by oxide of iron. A mixture of two 
parts of sulphate of iron and one part of alum is calcined 
slowly, till it acquires a fine red colour when cold. This 
powder is mixed with the usual flux, and applied with 
a pencil. 

3. Yellow is given by the oxide of silver, or by ox- 
ides of lead, antimony, and sand ; green, by the oxide 
of copper ; blue, by the oxide of cobalt ; and violet, by 
the oxide of manganese. 

For farther information on this subject, the reader is 
referred to the dissertation of Brogniart. 

Gilding upon porcelain is performed in the same way 
as painting. The gold is reduced to the stare of an im- 
palpable powder by solution and precipitation. It is 
mixed up to the proper consistence with oil and a small 
quantity of flux, and applied with a pencil; the vessels 
are baked a second time. By this the gold is made to 
attach itself firmly to the vessel, and by the burnisher 
it acquires the requisite lustre. Klaproth has lately 
shown, that platinum may be applied upon porcelain 
with a similar effect. The line powder of platinum ob- 
tained by precipitating the metal by means of sal am- 
moniac, and exposing the precipitate to a red heat, is to 
be ground with a little flux and oil to the proper consist- 
ence, and applied with a pencil upon the vessels. By 
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baking these vessels and burnishing, t^e platinum ac- 
quires the requisite lustre *. 

Painting common stoneware vessels would enhance 
their price too much ; but this is avoided by an ingeni T 
ous mode of copperplate-printing, said to have been first 
invented by some person in the neighbourhood. of Liver- 
pool. The figure which is to be painted on the vessel 
is engraven on a copperplate in the usual way, except- 
ing only that it is not reversed as is done in common 
copperplate-engraving. The paint to be applied to the 
stoneware is brought to the requisite consistence, put 
upon the copperplate, and the impression taken off^ 
as usual, upon moist paper, by means of the roll- 
ing press. The paper, while still moist, is applied to 
the stoneware biscuit and pressed upon it. By dipping 
the biscuit in water and agitating gently, the paper is 
washed off without injuring the impression upon the 
vessel, the paint having been made up with oil. The 
impression upon the paper was reversed, bat upon the 
stoneware it is precisely as it was cut upon the cop- 
perplate. The vessel being now baked, the paint is 
glazed on, and assumes its characteristic colour and 
brilliancy. By this contrivance any number of vessels 
may be easily printed with the same figures in a very 
short time. This ingenious process seems to be at pre- 
sent confined to Britain ; at least none of the foreign 
stoneware that I have had an opportunity of examining, 
exhibited any marks' of having been printed. Neither 
has any mention of the process been inserted into any 
work which I have met with. 


Chap. I. 
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plate-print- 
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# Nicholson’s Jour. vii. 286. 
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The specific gravity of the different kinds of stone- 
ware differs considerably according to the compactness 
of the texture. The following are the results obtained 
by Dr Watson * and Brisson : 


Sp. grav. 

East Indian China f.. . • 2*385 

East Indian China J 2*34(5 

Limoges porcelain f 2*341 

Bristol stoneware £...»•.«••• 2*340 

Flint ware 2*1S8 

Sevres porcelain f* 2*146 

Yellow ware X 1*988 


• Chsmhal Essay*) LL 3S2. 


f Brisson. 


$ Watson. 
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CHAP, II. 

OF GLASS. 


Silica, when mixed with the fixed alkalies, and ex- 
posed to a strong heat, enters readily into fusion. It 
melts also when heated along with some of the alkaline 
earths, especially lime, provided a little alumina be pre- 
sent. These mixtures are very ductile while in fusion, 
and may be readily moulded into any shape we please. 

If they be suddenly cooled below the temperature at 
which they become solid, they retain their transparency, 
and assume those peculiar properties which belong to 
the substance called glass. Glass then is a combination 
of the fixed alkalies or alkaline earths with silica, either 
alpne or conjoined with alumina, brought into complete 
fusion, and then suddenly congealed. Metallic oxides 
are sometimes added : they assist the fusion like the al- 
kalies, and communicate frequently a peculiar colour to 
the vitreous mass. 

The method of making glass was known at a very Histor ^ 
early period. According to Pliny, the discovery was 
owing to an accident. Some merchants, with a ship- 
load of soda from Egypt, had cast anchor at the mouth 
of the river Belus in Phoenicia, and were dressing their 
dinner on the sand. They made use of large lumps of 
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Book IT. soda to support their kettles, and lighted fires under 
Division HI* 

them. I he heat melted the soda and the siliceous sa?id 
together, and *. lie result was glass. For some time after 
this accidental discovery the manufacture of glass was 
confined to the river Belus. This manufacture seems 
to have been carried to a considerable degree of per- 
fection among the ancients. They mention drinking 
glasses, glass pris'ms, and coloured glasses of various 
kinds. But perfectly transparent glass was considered 
as very valuable*;' for Nero gave L. 60,000 for two 
glass cups with handles ; a proof that their processes 
must have been far less perfect than ours. It was usu- 
al for t him to. melt the materials of their glass into a 
black mass called ammonitrmn , of which statues were 
sometimes made. This ammonitrum was again melted 
and purified by refiners. Glass panes seem to have 
* been first used in windows in the third century, but they 
did- not come. into common use till long after 
Nature of While glass is in fusion, the substances which enter 
into its composition may be considered as combined 
with each other so as to form a homogeneous mass si- 
milar to water, holding a variety of salts, in solution. 
If it be cooled down very slowly, the different tenden cy 
of the constituents to assume solid forms at peculiar 
temperatures will cause them to separate successively 
in crystals 5 just as the salts held in solution in water 
assume the form of crystals as the liquid is slowly 
evaporated. But if the glass be quickly cooled down 
•to the point of congelation, the constituents have not 

* See Dr Falconer’s paper on this subject, Manchester Memoirs, il 
95- and Dr Merrets’s Preface to his Latin Translation oi Neri’s Art of 

fylau-tnakwr* 
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time to separate in succession, and the glass remains, the , Cha P- * L t 
same homogeneous compound as while in a state of fu» 
sion ; just as would happen to a saline solution if sud- 
denly exposed to a cold sufficient to congeal it com- 
pletely. Hence it appears that the vitreous quality de- 
pends entirely upon the fusibility of" the mixture, and 
the suddenness with which it is cooled down to the 
point of congelation. The substance, though solid* is 
precisely the same as to its chemical composition as if 
it were, still in fusion ; the. sudden cooling having 
fixed the constituents before they had time to ‘assume a 
new arrangement. 

All fusible mixtures of the earths proper with fixed 
alkalies, alkaline earths, or metallic oxides, may be 
made at pleasure to assume the form of glass, or the 
appearance which characterises stone or porcelain, ac- 
cording to the rate of cooling; and glass may be de- 
prived of its vitreous form irterely by fusing it, and 
cooling it down with sufficient slowness to enable the 
constituents to separate in succession. 

Many curious experiments on this subject were Changes in 
made by Reaumur and Lewis, who pointed out the ingafterfu- 
method of converting different kinds of glass into an Sion * 
opaque, white, hard, refractory substance like porcelain, 
which is commonly distinguished by the name of Reau- 
mur's porcelain. Dr Lewis, by a variety of experiments, 
demonstrated that all kinds of glass could not be con- 
verted into porcelain. He succeeded only with those 
that w*ere composed of a variety of constituents'*'. The 
reason is obvious; such glasses alone contain ingredients 


^ Phil- Cent, of the Arts 3 p. 230. 
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that become solid in succession. Green glass succeed- 
ed best with him. Indeed this glass is very apt to ac- 
quire a crystallised form. The temperature best suited 
to the change is that in which the glass is softened with- 
out being melted. 

It was the curious experiments of Sir James Hall on. 
basalt and greenstone, detailed in the preceding Chap- 
ter, that first explained upon what the vitreous state of 
substances depends. He found that glass (consisting of 
various earthy bodies) always loses its vitreous state, 
and assumes that of a stone, if more than a minute of 
two elapses while it is cooling down from complete fu- 
sion to the point at which it congeals. 

There are different kinds of glass in common use in 
this country for various purposes. The finest are plate- 
glass, of which looking-glasses are made, and flint-glass , 
or crystal, used for the finest vessels. These are per- 
fectly transparent and colourless, heavy and brilliant. 
They are composed of fixed alkali, pure siliceous sand, 
calcined flints, and litharge. The manufacturers conceal 
the proportions of their ingredients with great care*. 


For the fullest account of glass-making , the reader Is referred to a 
treatise on the subject published by Neri, an Italian Dr Merret, an 
Englishman, translated it into Latin towards the end of the 17th cen- 
tury, and enriched it with many notes. Kurikel translated this Latin 
edition 'with Merret’s notes into German, and added to the work his 
•wn numerous experiments on glass-making, and the verification of all 
the formulas of Neri. Kunkel’s work was translated into French, and 
published in a quarto volume in 1752. A very elaborate account of 
glass-making has been published also in the Arts et Metiers , drawn up 
under the direction of the French Academy. More lately, a small vo- 
lume on glass-making has been written in French by Loysell. The pro- 
fesses, as he describes them, differ in many respects from those followed 
in this country. 
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The plate glass is poured melted upon a table covered Chap. u. 
.with a sheet of copper. The plate, as cast, is about an 
inch thick ; but it is ground down to the proper degree 
of thinness, and then polished. The only manufactory 
in Britain is at St Helens, about 10 miles from Liver- 
pool. Flint-glass contains much oxide of lead. Dr 
Lewis extracted from it one-fourth of its weight of that 
metal in a malleable state *. Though it be very solid* 
it does not seem to be absolutely impervious to gase- 
ous bodies, at least when heated nearly to the melting 
point. Dr Lewis surrounded a piece of it with char- 
coal powder, and kept it for some time in a heat not suf- 
ficient to melt it. The lead was revived in drops 
through the whole substance of the glass +. Dr Priest- 
ley ascertained, that glass tubes filled with hydrogen 
gas, and heated, became black, from the revival of the 
lead. When alkaline hydrosulphurets are kept in glass 
phials, the inside is soon coated with a black crust. I 
am informed by Dr Henry of Manchester, that this 
black crust is nothing else than lead separated by the 
sulphur from the glass* 

Crown-glass is made without lead. It is therefore Crews* 
much lighter than flint-glass. It consists of fixed alkali gIa ^ 
fused with siliceous sand. As the earthy matters em- 
ployed by the glass-makers are seldom quite pure from 
some mixture of iron or similar ingredient, the glass 
would have a green colour unless some means were 
taken to remedy it. The addition of some black oxide 
•f manganese remedies this defect ; hence it is used for 
that purpose by the glass-makers* and was formerly 


* Neumann’s Chm . p. 55., 


f Neumann, ILW. 
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> y quires a purple cast ; a colour very common in the 

window-glass made in England. In Scotland the win- 
dow-glass has always a considerable shade of green. 

As no exact analysis has yet been made of the finer 
kinds of glass, we are not acquainted with the propor- 
tion of its constituents. They no doubt vary consider- 
ably. As the fixed alkalies are volatilized by a strong 
heat, it would be worth while to examine whether a 
portion of them is not driven off while the glass is in 
fusion, or whether the previous steps of the process pre- 
vent that from happening. 

Bottle-glass. Bottle-glass is the coarsest and cheapest kind ; little 
or no fixed alkali enters into its composition. It con- 
sists of an alkaline earth, usually lime, combined with 
alumina and silica. In this country it is composed of 
sand and the refuse of the soap* boiler, which consists 
of the lime employed in rendering his alkali caustic, 
and of the earthy matters with which that alkali was 
contaminated. The following are the ingredients used 
in the bottle-glass manufactory of Lafond in France : 


i Sand, from*.. ......33 to 40 

Lixiviated ashes 62 to 55 
Soda.... 5 to 5 

100 100 


A specimen of this glass analysed by Vauquelin was 


composed of 

Silica 57 

Lime ...31 

Alumina 4 

Oxides of manganese and iron- 4 
Loss 4 



&LA§Si 




'Besides a portion of potash so small that it could ndt 
be appreciated *. 

Of the different species of glass; the most fusible is 
flint-glass* and the least fusible bo ttk- glass. Accord- 
ing to the experiments of Saussure; flint-glass melts it 
the temperature of 19° Wedge wood* crown glass at 
30°, and bottle-glass at 4<7°f; The Specific gravity* 
of glass differs considerably according to its constitu- 
ents* The following are the results obtained by Bris- 
son, as published in the Appendix to Lavoisier’s Che- 
mistry : 

Bottle-glass ..2*7323' 

Green glass ; . .. .2*0423 
White glass .... .2*8922 
St Gobin Crystal . .2*4882 
Leith crystal-. , * .3*1890 
Flint-glass. • • • . . 3 '3293' 


Cfiap. m t 


Specific gfs^. 
■vity of glass. 


The properties that distinguish good glass afe well pr0 pej] 
known. It is perfectly transparent ; its hardness is tie8 ‘ 
very considerable ; its specific gravity varies froiti 2*3 
to 4* according to the proportion of metallic oxide 
which it Contains. When cold it is brittle 2 but at a 
ted heat it is otle of the most ductile bodies knoWn* 
and may be drawn out into threads so fine as to be 
scarcely visible to the naked eye* It is almost per- 
fectly elastic, and of course is one of the most sonorous 
of bodies. There are but few chemical agents which 
have any actiort On it. Fluoric acid dissolves it with 
*great rapidity, and so do the fixed alkalies when as* 


* Jour de Pbys. lx. 419. 

Vol. II. 


f Ibid. xlv. 14. 

N a 
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sistcd by heat. D» Priestley has shown also, that tfl£ 
long continued action of hot water is capable of decom- 
posing it; A discovery which explains sufficiently 
the siliceous earth obtained by Boyle and Margraff 
when they subjected water to tedious distillations in 
glass vessels. 

After mixing the materials of glass together, it is 
usual to expose them for some time to a moderate heat* 
This serves several purposes. It drives off all com- 
bustible bodies which may happen to be mixed with 
the sand ; it produces a commencement of combina- 
tion which makes the glass afterwards less liable to 
corrode the clay pots in which it is melted ; and the 
alkali, by this incipient combination, is not so apt to be 
volatilized ; which might be the case if the materials 
were exposed at once to a violent heat. The mixture, 
after being thus heated, is called the frit. Through 
the domes in which the frit is heated, it is usual to see 
very thin bubbles of glass passing ; a proof that some 
of the materials are volatilized during this first part of 
the process. 

The frit, while still hot, is introduced into large pots 
made of a mixture of pure clay and baked clay, and ex- 
posed to a heat sufficient to melt it completely. The 
fusion must be continued till the effervescence occa- 
sioned by the separation of the carbonic acid from the 
soda has subsided ; and the opaque scum, known by the 
name of glass- gall) which collects on the surface of the 
glass, must be removed. This scum is occasioned by 
the common salt and other foreign bodies which are al- 
ways mixed with the soda of commerce. When the* 
fusion has been continued the proper time, the furnace 
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Is allowed to octal a little. In that state? the glass is ex- 
ceedingly ductile, and readily assumes any shape that 
the workman pleases* 

If the glass vessels, after being formed, were cooled 
rapidly, they Would contract unequally, and become in 
consequence so brittle as to fall to pieces whenever they 
were handled. To prevent this inconvenience, they arc 
frnfc into a large red hot furnace, which is* allowed to 
cool very slowly to the temperature of the air* This 
process is called annealing. 

Glass is often tinged of various colours by mixing 
with it while in fusion some one or other of the metal- 
lic oxides. 

Blue glass is formed by means of oxide of cobalt* 

Green, by the oxide of iron or of copper. 

Violet, by oxide of manganese. 

Red, by a mixture of the oxides of copper and iron* 

Purple* by the purple oxide of gold* 

Wbite t by the oxide of arsenic and of zinc. 

Yellow, by the oxide of silver and by combustible 
bodies* 

Opticians, who employ glass for optical instruments, 
often complain of the many defects under which it la- 
bours. The chief of these are the following ; 

1* Streams, These are waved lines, often visible in, 
glass, which interrupt distinct vision. They are pro-* 
bably owing sometimes to want of complete fusion, 
which prevents the different materials from combining 
sufficiently ; but in some cases also they, may be pro- 
duced by the workmen lifting up, at two different 
times, the glass which is to go to the formation of on© 
vessel or instrument. 





Coloured 
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2. Tears . These are white specks or knots, occa-* 
sioned by the vitrified clay of the furnaces, or by the 
presence of some foreign salt. 

3. Bubbles . These are air-bubbles which have not 
been allowed to escape. They indicate want of com- 
plete fusion, either from too little alkali, or the appli- 
cation of too little heat. 

4. Cords . These are asperities on the surface of the 
glass, in consequence of too little heat. 



CHAP* III- 


O F SALTS. 

— — 


The word Salt was originally confined to muriate of Definition* 
soda or common salt ; a substance which has been known 
and in common use from the remotest ages. It was af- 
terwards generalized by chemists, and employed by them 
in a very extensive and not very definite sense. Every 
body which is sapid, easily melted, soluble in water, and 
•not combustible, has been called a salt. 

Salts were considered by the older chemists as a class 
*>f bodies intermediate between earths and water. Many 
disputes arose about what bodies ought to be compre- 
tiended under this class, and what ought to be excluded 
from it. Acids and alkalies were allowed by all to be 
salts ; but the difficulty was to determine concerning 
earths and metals ; for several of the earths possess all 
the properties which have been ascribed to salts, and 
the metals are capable of entering into combinations 
which possess saline properties. 

In process of time, however, the term salt was re- 
stricted to three classes of bodies*, namely, acids , alka- 
lies, and the compounds which acids form .with alkalies, 
earths, and metallic oxides. The first two of these 
classes were called simple salts ; the salts belonging to 
the third class were called compound or neutral. This 
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last appellation originated from an opinion long enter- 
tained by chemists, that acids and alkalies, of which 
they are composed, were of a contrary nature, and that 
they counteracted one another ; so that the resulting 
compounds possessed neither the properties of acids nor 
of alkalies, but properties intermediate between the 
two. 

Chemists have lately restricted the term salt still 
more, by tacitly excluding acids and alkalies from the 
class of salts altogether. At present, then, it denotes 
only the compounds formed by the combination of 
acids with alkalies, earths, and metallic oxides'*. 

No part of chemistry has been cultivated with more 
zeal than the salts, especially for these last 40 years. 
During that time the number of saline bodies has been 
enormously increased, and the properties of a very 
great number have been determined with precision. 
Still, howeyer, this wide and important region is far 
from being completely explored. 

Chemists have agreed to denominate the salts from 
the acids which they contain : The earth, alkali, and 
metallic oxide, combined with that acid, is called the 
lase of the salt. Thus common salt being a compound 
of muriatic acid and soda, is called a muriate , and soda 
is called the base of common salt. Now since there are 
34 acids and 65 bases, it would appear, at first sight, 
that there are 2210 salts ; but of the 53 metallic ox- 
ides at present known there are a considerable number 
which cannot combine with all the acids. This is 


* ft 10 terms salt and neutral salt are often confounded. In this Work 
epithet is confined to salts having no excess of acid or base. 
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4he case also with silica, and perhaps with some bf the Chap.- Til. 
other earths. We must therefore subtract all these 
deficiencies from the full number 2210. However, to 
compensate this, at least in part, there are several acids 
capable of combining with two bases at once. Thus 
the tartaric acid combines at once with potash and soda. 

Such combinations are called triple salts , and they in- Triple salts, 
crease the number of salts considerably. There are 
some salts, too, which are capable of combining with 
an additional dose of their acid, and others which com- 
bine with an additional dose of their base. The French 
chemists denote the first of these combinations by add- 
ing to the usual name of the salt the phrase with excess 
of acicl , or by prefixing to it the word acidulous : They 
denote the second by subjoining the phrase with excess 
of base* This method has the merit of being precise ; * 
bur it is awkward and tedious. The ingenious mode of 
naming these combinations proppsed by Dr Pearson 
ought certainly to be preferred. It is equally precise, 
if not more so, and far more convenient in every respect. 

It consists in prefixing to the usual name of the salt the Sl, P ersa Hs 
„ . and sub- 

preposition super , to denote an excess of acid, and the 1 ' salts. 

preposition sub , to denote an excess of base Thus 
sulphate of potash denotes the salt in its state of perfect 
neutralization, without any excess either of the sulphu- 
ric acid or of the potash ; supersulphate of potash is the 
same salt with an excess of acid; sub sulphate of potash' 
is the same salt with excess of base. These three dif- 
ferent kinds of salts must increase the number of saline 
compounds very considerably ; but the precise number 


* Pearson’s Translation of the Chemical Komcrtclature, p. 52. 
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of salts is not known, as many of them remain still un- 
examined by chemists. Propably there are not much 
fewer than 20Q0. Some idea may be formed of the 
progress which this branch of chemistry has made, by 
recollecting that 40 years ago not more than 30 salts in 
all were known. 

Of these 2000, however, a considerable number may 
be considered as still unknown, as they have been mere- 
ly formed without being examined. Of those which 
are known, the greater number have not been applied 
tp apy use, and therefore do not deserve a very particu- 
lar description. 

As the different genera of salts are denominated from 
their apids, it is evident that there must be as many 
genera as there are acids* The terminations of the 
names of these genera differ according to the nature of 
the acid which constitutes them. When that acid con- 
tains a maximum of oxygen, the termination of the ge- 
nus is ate ; when it does not contain a maximum of oxy- 
gen, the termination of the genus is ite. Thus the 
salts which contain sulphuric acid are called sulphates ; 
those which contain sulphurous acid are called sulphides. 
This distinction is of some consequence, because the 
salts differ very pouch, according as the acid is satura- 
ted with oxygen or not. The ites are seldom perma- 
nent; when exposed to the air, they usually attract 
qxygen, gnd are converted into atesi. 

Every particular species of salt is distinguished by 
subjoining to the generic term the name of its base. 
Thu§ the salt composed of sulphuric acid and soda is 
palled sulphate of soda . Triple salts are distinguished 
by subjoining the names of both the bases connected by 
hyphens. Thqs the compound of tartaric acid, pqtash. 
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and soda, is called tartrate of potash-and-soda . An- 
other mode of naming these triple salts is sometimes 
followed. One of the names of the bases is prefixed to 
the generic name so as to act the part of an adjective. 
For example, soda-muriate of rhodium , means the triple 
salt composed of muriatic acid, soda, and oxide of rho- 
dium. Sometimes the name of the base prefixed is al- 
tered a little, as ammonio-sulphate of magnesia ( sulphate 
of magnesia- and-ammonia) ; ferruginous sulphate of zinc 
{sulphate of zinc-and-iron) . This is a less unwieldy 
mode of naming the triple salts, but it is not always 
possible to employ it in our language. 

Before the correction of the chemical nomenclatute 
by Morveau in 1781, chemists usually referred the ge- 
nera of salts to the bases, and distinguished the species 
by the acids. That celebrated philosopher entirely re- 
versed the method by introducing the new generic 
terms formed from the acids ; and his ingenious no- 
menclature having been sanctioned and improved in 
1787 by Lavoisier, Berth ollet, and Fourcroy, who join- 
ed with him in forming a new chemical nomenclature, 
has now become universally prevalent. As far as re- 
lates to the salts which have alkaline and earthy bases, 
this method introduced by Morveau is certainly pro- 
per ; for in them the acids in a great measure stamp the 
character of the salt, and therefore ought to constitute 
the generic distinction. But it does not apply equally 
well to the salts whose bases are metallic oxides ; for 
ip them it is not the acid but the base which stamps 
the character. In them, therefore, the genera ought to 
be reversed : they ought to be derived not from the 
acids but from the bases, or rather from the metals 
yvhqse oxides constitute the base, 
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The salts, then, naturally divide themselves into two 
grand classes ; the first of which comprehends the alka- 
line and earthy salts, which derive their most important 
characters from their acids ; the second comprehends 
the metalline salts, whose bases, on the contrary, stamp 
their most important properties. I shall therefore di~ 
vide this Chapter into two Sections : in the first of 
which I shall describe the alkaline and earthy salts j in 
the second, the metalline. 


Sect, l 

OF ALKALINE AND EARTHY SALTS. 

As the salts belonging to this Section maybe arranged 
with great propriety according to their acids, they 
naturally divide themselves i:Ato 34 genera, every par- 
ticular acid constituting a genus. But pf these genera 
some must be omitted altogether ; because the salts 
which belong to them have not been examined. Every 
genus will comprehend under it as many species as there 
are bases 5 besides the triple salts and the subs and the 
supers* 

As these genera are very numerous, it will be at- 
tended with considerable advantage to the learner if we 
subdivide them into sets according to their properties. 
This is attempted in the following Table. 



SALTS. 


' 5*11 


Table of the Alkaline and Earthy Salts • Ch^>. III. 

I. Incombustible Salts. Table of the 

genera. 

a. Not altered when heated with combustibles^ 

1 . Muriates. 

2. Fluates. 

3. Borates. 

4. Phosphates *• 

l* Decomposed without combustion when heated 
with combustibles. 

1. Sulphates. 

2. Carbonates. 

c. Set fire to combustibles, or yield oxygen gas 
by heat. 

1. Nitrates. 

2. Nitrites. 

3. Hy peroxy muriates f. 

4. Arseniates. 

5. Molybdates . 

6. Tungstates. 

7. Chromates . 

8. Columbates%. 

II. Combustible Salts. 

a. Acids partially dissipated, leaving salts in ate » 

1. Sulphites. 

2. Phosphites. 

h. Acids totally dissipated, leaving the base and 
charcoal. 


* Phosphate of ammonia is decomposed by heat and combustibles, 
f The nitrate and hyperoxymuriate of ammonia are combustible alon& 
They disappear completely when heated. 

| The genera in italics are placed from analogy only. 
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-f* Acids partly sublimed unaltered* 

1. Acetates. 

2. Succinates. 

3 . Moroxylates. 

4. Benxoates. 

5. Camphorates. 

'-j — f-. Acids wholly decomposed. 

6- Oxalates. 

7. Mellates. 

8. Tartrates. 

9. Citrates. 

10. Kinates. 

11. Saccolates. 

12. Urates. 

13 . Sebates. 

14. M alat.es . 

15 . Formiates. 

16 . Suberates. 

-j — j — [-Anomalous. 

17 . Gailates. 

18 . Prussiates. 

Let ns take a view of all these genera, following the 
order of the Table. 

As the salts constitute a class of bodies of great im- 
portance to the practical chemist, but so numerous that 
it is difficult to remember tbe properties of each, it is of 
some importance to facilitate the means of comparing 
them together as much as possible. It will contribute 
considerably to this if the salts belonging to each genus 
be described exactly in the same order. This shall be 
attended to as much as possible in the following account 
of the salts. 

The importance of the salts as chemical instruments 



is very much ^connected with their solubility in water. c hap. 
Some are insoluble in that liquid, others dissolve in it 
with more or less facility. I shall lay hold of this cir- 
cumstance to subdivide each genus into two parts : the 
first shall contain the salts which dissolve in water ; the 
second those which are insoluble. Many of the salts 
have not yet been applied to any useful purpose, while 
others are of importance either to the chemist or for the 
purposes of civilized society. After having described 
the properties of the salts belonging to each genus, I 
shall add a third part, in which some of the most im- 
portant uses of the salts shall be mentioned. It will 
not be expected that I shall indulge in minute details, 
or attempt to exhaust so fertile a subject. Each genus, 
then, as far as possible, will be divided into three parts ; 
namely, 1. Soluble salts; 2. Insoluble salts; 3. Uses 
of the salts of the genus described. 
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INCOMBUSTIBLE SALTS. 

Genus I- MuRrATES. 

The muriates are the salts which have been longest 
known, and from which indeed the whole of the class 
have borrowed their name ; for to them belongs com- 
mon salt, the most important and the most indispensibly 
necessary of all the salts. They may be distinguished 
by the following properties : 

Characters. 1* When heated, they melt, and are volatilized, at 
least in part, without undergoing decomposition. The 
first portions which fly off contain an excess of acid. 

2. Not in the least altered by combustibles, even 
when assisted by heat. 

3. Soluble in water. For the most part they raise 
the boiling point of water. 

4. Effervesce with sulphuric acid, and white acrid 
fumes of muriatic acid are disengaged. 

5. When mixed with nitric acid, they exhale the o- 
dour of oxymuriatic acid. 

The alkaline and earthy muriates at present known 
amount to twelve. 


?. Soluble 
Mveiates. 


Sp* 1. Muriate of Potash « 


This salt was formerly called febrifuge or digestive 
salt of Silvius, and regenerated sea salt . 
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It may be prepared by dissolving potash in muriatic c *» a P - IIL 
acid, and evaporating the solution till the salt crystal* 
lizes ; but it is commonly obtained during other chemi- 
cal processes. 

Its crystals are cubes, but often rather irregular. Properties 

It has a disagreeable bitter taste. Its specific gravity 
is 1*836 *. 

When boiled in water, it dissoVes in 1*7 times its 
weight of that liquid +. It requires three parts of cold 
water J; but this difference is not sufficient to enable us 
to obtain regular crystals by allowing a saturated boil- 
ing solution of this salt to cool. Regular crystals can 
only be obtained by abandoning the solution to spon- 
taneous evaporation. 

It suffers little alteration from exposure to the air. 

When exposed to heat, it decrepitates, melts when 
heated to redness, and at last is volatilized in a white 
smoke, but without decomposition. In a red heat it 
loses 2*8 § per cent . of its weight [j. 

It is not sensibly soluble in pure alcohol. 

Many different analyses of this salt have been pub- 
lished, but they by no means agree with one another. 

The following Table exhibits the constituents according 
to the respective analists. 


* Kirwan. f Wenzel’s Verivcmdtschaft^ p. £1®. 

} Bergman, Opvsc. i. 134. H Wenzel, Ibid. p. 31a. 
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* 

t 

t 

§ 

il 

IT 

Acid. 

21 

29 

31 

34 

35 

36 

Base. 

74 

63 

01 

<36 

65 

64 

Water. 

5 

8 : 

8 




Total. 

100 

100 ‘ 

100 

100 

100 

100 


These results appear altogether irreconcileable with 
each other ; but the differences are rather apparent than 
real. The quantity of muriatic acid was estimated by 
precipitating it by means of nitrate of silver, and weigh- 
ing the muriate of silver obtained. Now Bucholz 
formed his estimate by supposing that 100 parts muri- 
ate of silver contain only 11*5 muriatic acid, whereas 
they seem in reality to contain IS. Had he used the 
true proportion, the quantity of acid instead of 21 would 
have been 33. The water was estimated by exposing 
the salt to a red heat ; now in this temperature, some of 
the acid probably escapes as well as the water. Upon 
the whole, the estimate of Wenzel appears to me to be 
the nearest to accuracy. 


Sp. 2. Muriate of Soda . 

History. This salt has been known and in common use as a 
seasoner of food from the earliest ages. It is known by 


* Bucholz, Bri/nag*, iir. 133. + Wiegleb, Ibid. 

X Bergman, Opusc . 1. 134. § Rose, Gehlen’s Jour. vi. 31. 

{) We zei, V cr'voanduchajt , p. *00. The warer is supposed expelled. 
^ Kkwan, Nicholson’s Quarto Jour v iii. 3x5. 
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the mates of common or sea salt ; some tipi es it is called 
sal gem, . In this country the term salt is usually ap- 
plied ;to it .without any addition. The nature of its acid 
was discovered, by Glauber, if it was not known earlier. 
Stahl affirms in his Specimen JBeccberianum, that its base 
is an alkali ; but Duhamel was the first who show- 
ed how to .obtain that base in a separate st&te, and who 
denaonstiraCed the difference between it and' potash. 

This salt exists in great abundance native, and there- 
fore as never formed artificially by chemists. Immense 
masses of it are found in different countries, which re- 
quire only to he dug cut and reduced to .ponder. In 
that state it is called rock salt . The water of the ocean 
also contains a great proportion of this salt, to which 
indeed it owes its taste, and the power which it pos- 
sesses of resisting freezing till cooled down to 28 * 5 °. 
When this water is evaporated sufficiently, the salt pre- 
cipitates in crystals. It is by this process that it is ob- 
tained in this country. But the salt of commerce is not 
sufficiently pure for the purposes of chemistry, as it con- 
tains usually muriate of magnesia, &c. ; but it may be 
obtained pure either by repeated crystallizations, or by 
the following process : Dissolve it in four times its 
weight df pure water, and filter the solution. Drop in- 
to it a solution, first of muriate of barytes, then of car- 
bonate of soda, as long as any precipitate continues to 
fall. Separate the precipitates by filtration, and evapo- 
rate slowly till the salt crystallizes. 

Muriate of soda usually crystallizes in cubes, which, 
according to Hauy*‘, is the primitive form of its crys- 
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* Mineralogy* ii. 557. 
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tals and of its mtegrant particles. Sometimes the angles 
of tiie cubes are truncated ; and in urine the crystals of 
common salt, as Fourcroy and Vauquelin have ascer- 
tained, assume the form of octahedrons. 

Its taste is universally known, and is what is strict- 
ly speaking denominated salt . Jts specific gravity is 
2*125-*. According to Bergman, it is soluble in 2*82 
times its weight of cold water, and in 2*76 times its 
weight of boiling water +. When it is boiled for some 
time in water, it dissolves in 2*59 times its weight of 
that liquid J. The specific gravity of the saturated so- 
lution is 1*198, temperature 42° §. Pure alcohol does 
not dissolve this salt, but it is somewhat soluble in al- 


cohol of *830. 


It is not affected by exposure to dry air. The muriate 
of soda of commerce, indeed, contains a. quantity of mu- 
riate of magnesia, which renders it deliquescent. 
contains also sulphate of magnesia and sulphate of lime. 

When heated, it decrepitates. . In a red heat it melts 
and evaporates in a white smoke without undergoing 
decomposition. ; Jn a.red heatut loses about 2 per cent . 
of its weight |j-. Part of this loss is to be ascribed to 
the muriatic acid-^f. :• v- ^ . . 

The following. Table exhibits the result of the vari- 
ous analyses that have been made to ascertain the pro- 
portion of the constituents of this salt. ■ 



, Fahrenheit,. Phil. ¥ ra.-s. 1724, vol. xxxiii. 114 . Kir wan makes it 
2 m j.2Q f and Dr Watson found it 2-143. Sec his Essays > v. 67. 

f Opusc. i. 134. | Wenzel’s Ver’wandtschaft , p. 3 10. 

§ Watson's CUn. Essays, v m 85. jj Wenzel, Ibid. p. 312. 

^ Seignette, Baume’s Cbimie , ii. 48. 
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* 

t 

t 

§ 

li 

IT 


Acid 

2S 

38*88 

40 

43*20 

46 

52 

44 

Base 

, 66 

53*00 

58 

56*80 

54 

42 

50 

Water 

6 

8-12 

2 

1 


6 

6 

Total 

100 

100 

100 

100 ’100 

100 

100 


Chap. in. 


Composi- 

tion. 


The small proportion of acid obtained by Bucholz is 
to be ascribed to his mode of estimating the constitu- 
ents of muriate of silver. When corrected it would be- 
come 44*3, which approaches the result obtained by 
Rose ; and as it is nearly a mean of the analyses of 
Kirwan and Bergman, is probably very near the truth. 

The last column, then, founded on this result, is an ap- 
proximation to the constituents of muriate of soda. 

Sp. 3. Muriate of Ammonia, 

This salt was known to the ancients, and was called History, 
by them sal ammoniac , because it was found in great 
quantities near the temple of Jupiter Ammon in Afri- 
ca Its composition was first pointed out by Geof- 
froy junior in 1716 and 1723 ft, and afterwards more 
precisely by Duhamel in 1735 JJ. For many years 
the whole of the sal ammoniac used in Europe was im- 


* Bucholz, Beitrugc , in. 1 3 8. 
f ICirwan, Nicholson’s ^jurio Jour . iii. 215. 

| Wiegleb, Bucholz, Ibid. 5 Gehlen’s Jour . vi. 32. 

[| Wenzel, VerwanJtsebaft , p. ioi. f Bergman, (Jwsc. i/134. 
## Pliny, lib. xxxi. c. 7. tf Man, Par . Ibid. 
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Division II T. . . 

j dance both in Britain and on the continent* 

Properties* Sal. ammoniac is usually in the form of a hard elastic 
cake ; but by solution in water and proper evapora- 
tion it may be obtained in crystals. The primitive 
form of these crystals is, according to Hauy, the octa- 
hedron ; and that of its integrant particles the tetra- 
hedron * : But it crystallizes most frequently in long 
four-sided pyramids. It often assumes the form of 
plumose crystals ; the individual crystals of which are 
long hexahedral pyramids. 

The specific gravity of this salt, according to the ex- 
periments of Dr Watson* is 1*450 f. A saturated s©~ 
lution of it in water at 42° is of the density 1*072. 

In its ordinary compact state sal ammoniac is soluble 
in 3*25 times its weight of cold water J ; but the crys- 
tals, according to Gren, dissolve at the temperature of 
50° in 2*727 parts of water §. Wenzel found it solu- 
ble in 2*24 parts of water of the temperature i44’5° ||» 
A hundred parts of alcohol of the strength 0*834 dis- 
solve G of this salt. 

. In its common form (which is an opaque mass) this 
salt is not much affected by the air, but'its crystals are 
liable to deliquesce. 

When heated* it sublimes without decomposition m 
the form of a white smoke, which exhales a pecular 
odour. 


Hauy’s Miner alogie, ii. 380. 

f Essays, v. 67. Wallerias makes it 1-453 {Chemistry, l 366) ; an* 
Kirwan, 1-420. 

| Walierms* Chemistry , i. p. 266. 
i GrcnV Handbusb, u 488, 


| Verwandtsslaft, p, 309. 
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When this salt is sublimed with gold leaf, there is 
found in the neck of the retort an amethyst- coloured 
matter, bordering on purple, soluble in water, and form- 
ing a purple solution. When filtered, there remains 
behind a purple powder. This salt seems from this to 
be capable of oxidizing gold *. 

The constituents of this salt seem first to have been 
discovered by Tournefort in 1700 ; but he did not sue* 
ceed in ascertaining their proportion. The result of 
the different experiments made for this last purpose is 
as follows ; 


Chap. III. 




t 

t 

§ 

II 

IT 


Acid 

31 

40 

42*75 

49 

76*3 

48* 

Base 

69 

60 

25*00 

51 

23*7 

14*9 

Water 



32*25 


1 

3T1 

Total 

100 

100 

100 

100 

100 

100 


Composi- 

tion. 


The low estimate of acid in the analysis of Eucholz 
depends, as has been already observed, upon h state- 
ment of the proportion of acid in muriate of silver. 
When corrected, the true number turns out 48 which 


* Storr, Crcli's S'civ Discoveries , &c, Part ii. p. 41. 
f Bucholz, Meterage^ iii. 146. J Wiegleb, Ibid. 

§ Kirvvan, Nicholson’s Sour. iii. %i6* 

8 Wenzel's Vcrtvandiselcjt , p, 103 . 

This is not the result of an analysis, but of a calculation founded 
on the supposition, that equal bulks of ammoniacal and muriatic acid gas 
condense each other 5 -which is not far from the truth. In the first and 
second analyses the water is included in the proportion of bass stated 
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Divisionlll. , . . . f i r , , , 

< mate stated in 'he sixtn column or the p weeding I able 

be nearly correct, as is to be presumed, then the water 

in 100 pans of sal ammoniac mast amount to 37*1. 

From these data, the numbers in the last column of the 

Table were obtained, which exhibit an approximation 

to the true proportions of the constituents of this salt. 

Variations in the proportion of the water, which may 

be expected in different samples, will account for the 

discordance in the different analyses exhibited above. 


Sp. 4. Muriate of Magnesia. 

History. This salt exists in sea-water, and in several mineral 
springs, particularly that at Lymington in Hampshire. 
It was first described by Mr Brown in the Philosophical 
Transactions for 1723 *; but its composition was not 
understood till long after, when the experiments of 
Black and Margraf had established the peculiar nature 
of its base. Bergman afterwards published a descrip- 
tion of it f . 

As it is found native in abundance, it is seldom 
formed artificially ; but it may be prepared by dissolving 
carbonate of magnesia in muriatic acid, and evaporating 
the solution to a proper consistency* 

Properties. It is not easily crystallized. Bergman’s method was 
to evaporate it by a considerable heat to the proper de- 
gree of concentration, and then to expose it to a sudden 
cold. By this method he obtained it in small needles* $. 

■ Its specific gravity is 1*601 j. 


f Opusc . i. 38 2. 

§ Hassenfratz, Ann.de Ghm. xxviii. n r : 


* Phil. Trans, rxxii, 348. 
t Bergman, i. 383. 
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Its taste is extremely bitter, hot and biting. It re- Chap, PL 
quires rather more than half its weight of water to dis- 
solve it ; for when exposed to the air it runs into a li- 
quid, and attracts parts of its weight of water *. 

The solubility in alcohol increases with the strength of 
that liquid. Alcohol of ‘817 dissolves half its weight 
of it, but alcohol of *900 only -fth of its weight f. 

A saturated solution of it quickly forms a jelly ; on 
which, if hot water be poured, spongy masses are form- 
ed, not even soluble in muriatic acid J. 

It deliquesces very speedily when exposed to the 
air. 

A strong heat decomposes it completely, according 
to Fourcroy. When dried in a high temperature, it is 
very caustic §. 

The following Table exhibits the proportions of its 
constituents, according to the experiments of different 
chemists : 



II j IF 

** 

Acid 

34 i 34-59 

1 

57 

1 

Base 

41 | 31-07 

43 

Water 

25; 34-34 


Total 100 100 

100 


Composi- 

tion. 


* Bergman, Opusc. i. 136. f Kirwan on Mineral Waters, p. 274 - 

| Bergman, i. 382. ’ § Westrumb, Ann. de Cbh>:. ii. 13 ?. 

|| Bergman, Opusc i. 136. ^ Kirwan, Nich. * Quarto Jour. iii. 31 5, 

$ * Wenzel, Verzqandtschaft, p. 104.. 
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The estimate of Kir wan seems the most correct ; that' 
of Wenzel does not differ much ; while Bergman, who 
appears to have inserted the water from calculation, 
has erred very considerably. 


Sjb. 5. Mu?~iate of Ammortia-and- Magnesia. 


Properties, 


Composi- 

tion. 


This salt was first mentioned by Bergman in 1175 *. 
It was afterwards described more particularly by Four- 
croy in 1790 f. t 

It may be prepared by mixing together solutions of 
muriate of ammonia and muriate of magnesia, or by 
adding ammonia to the muriate of magnesia with ex- 
cess of acid, and evaporating. 

Its crystals are so exceedingly small and irregular, 
that their figure has not been determined. 

Its taste is bitter and ammoniacal. It is soluble in 
about six parts of cold water, and in a stoaller propor- 
tion of boiling water. It is but little altered by expo- 
sure to the air. Heat decomposes it. 

According to-Fourcroy, it is composed of 
2 7 muriate of ammonia 
73 muriate of magnesia 


loot 


Sj>. 6 . Muriate +f Lime. 

This salt has been long known to chemists. It was 
formerly called fixed ammoniac, because it was com- 
monly obtained by decomposing sal ammoniac by means 
of lime. 


* Opvtc. i.370. 

% Fourcroy, iii. 370, 


f Ann . df. Chim , iv, 
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It fa usually prepared from the residue of that pro- Chap» III. 
cess, but it may be obtained by dissolving carbonate of 
lime in muriatic acid. 

Its crystals are six-sided striated prisms, terminated properties, 
by very sharp pyramids*. It is not easy to procure it 
in crystals, in consequence of its extreme tendency to 
deliquesce* Indeed, in summer, it is next to impossi- 
ble to procure good crystals ; but in winter they form 
spontaneously, if we dissolve four parts of the salt in 
one of water, of the temperature of 70°, and expose the 
solution in an atmosphere of 32°. 

The taste of this salt is very bitter and pungent. Its 
specific gravity is 1*76 *. 

It is extremely soluble in water; water at 60° dis- 
solving very nearly four times its weight of it. The 
solubility diminishes very rapidly with the tempera- 
ture. Hence water at 30° does not dissolve above half 
that quantity, while at 100° it dissolves any quantity 
of it whatever. In hot weather, therefore, it cannot be 
obtained in crystals, but only in a hard, white, solid mass. 

Mr Walker has ascertained, that when the evapora- 
tion of the solution is carried on till its specific gravity 
is 1*450 at the temperature of 80°, it crystallizes 
when exposed to an atmosphere whose temperature 
is 32°. When its specific gravity at 80^ is 1*490* 
it assumes on cooling the form of a hard pearl-coloured 
mass f. 

Alcohol dissolves this salt so copiously when con- 
centrated, that I presume it is capable of taking up con- 
siderably more than its own weight of the salt, even 


* Hasset.fratz, Ann.de C^im. xxviii. 12. 
f Nicholson's Journal , v. 
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Biv^or- 1 ■ L ^ moisture. So much heat is evolved during the so- 
lution as to cause the alcohol to boil. 

When this salt is exposed to the air, it attracts mois- 
ture very speedily, and deliquesces. 

When exposed to the action of heat, it swells up, 
melts, and then loses its water of crystallization. A 
violent heat separates a small portion of its acid. When 
thus reduced to a submuriate, it has the property of shi- 
ning in the dark, as Homberg first observed : Hence it 
has been called the phosphorus of Homberg . 

The following Table exhibits the result of the differ- 
ent experiments made to ascertain the constituents of 
this salt, not in the state of crystals, but reduced by heat 
to a dry mass. 


Composi- 

tion. 



* 

t 

t 

Acid 

31 

42 

51 

Base 

44 

50 

49 

Water 

25 

8 


Total 

100 

100 

1G0 


These analyses differ very much from each other ; that 
of Kirwan is nearest the mean, and is probably the most 
correct. 


* Bergman, i. 136. The salt was well dried, 
t Kirwan, Nicholson’s $>jurio Jour. iii. 215. The salt had been 
«osed to a red heat before analysis. 

X Wcnztl, VtnaancUchaft ¥ p. I 3. 
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Sp* 7. Muriate of Barytes* 


Chap. lit. 


The properties of this salt were first investigated by 
Scheele *. Dr Crawford wrote a treatise on it in 1790. 

Since that period many processes have been published 
for preparing itf. To Kirwan, Hany, Bucholz, and 
Bouillon La Grange, we are indebted for most of the ad- 
ditions made to the description of this salt by Scheele. 

The easiest method of preparing it would be to dis- Prepara- 
solve carbonate of barytes in water and crystallize the 
solution ; but as the carbonate of this earth is rare, the 
salt is usually formed by calcining in a crucible a mix- 
ture of sulphate of barytes and charcoal, decomposing 
by means of muriatic acid the sulphuret formed, filtra- 
ting the solution, evaporating it till a pellicle begins to 
form on its surface, then allowing it to cool slowly. The 
crystals of muriate of barytes gradually deposite. If the 
salt happens to be contaminated with iron, which is 
often the case, the crystals are to be calcined, dissolved 
in water, the solution filtered and crystallized again. 

By this process the oxide of iron is separated. The 
improvements proposed lately consist in promoting the 
fusion and decomposition of the sulphate of barytes, by 
adding to the mixture sulphur, muriate oflime, or com- 
mon salt. 

The primitive form of muriate of barytes is, accord- properties, 
ing to Hauy, a four-sided prism, whose bases are 
squares. Its integrant particles have the same figure J. 


' * CrelPs Annah^m. 6. English Translation. 

j See Van Mor.s, Jour.de Phys . xlv. 297. Goettling, Phil. Mag. xxri. 
#Xo. Bouillon La Grange, Ann. Je Chim . xlvii. 139. Resat, Ibid. hr. 5c . 
J Fourcrov, iii. 232. English Trails. 



It crystallizes most commonly in tables. Sometimes u 
assumes the form of two eight- sided pyramids applied 
base to base 

It has a pungent and very disagreeable taste j a nd p 
like all the other preparations of barytes* is poisonous. 
Its specific gravity is 2*8257 1* 

If requires 2*29 parts of water* of the temperature 
190°, to dissolve one of this salt. It is scarcely less so- 
luble in cold water- Hence it cannot be procured in 
crystals by cooling a saturated solution of it in hot wa- 
ter J- 

From the experiments of Bucholz we learn, that pure 
alcohol while cold dissolves no sensible portion of it : 
but at a boiling heat it is soluble in 400 parts of that li- 
quid $. Weak alcohol dissolves a little of it, and the 
solubility increases with the dilution. Alcohol of *900,, 
for instance, dissolves weight of this salt || . 

It is not altered by exposure to the open air. When 
heated* it decrepitates and dries, and when the tempera- 
ture is very high it melts ; but no heat 'which we can 
apply is capable of decomposing it. 

The following Table exhibits the experiments made 
by chemists to ascertain the proportion of its constitu- 
ents. 


* Crawford, 

f Hassenfratz, Arm. de Chim. xxvai. 12. 
t Crawford. § Beitrage 7 iii» £4.. 

P Kir wan, on Mheral Waters , p. 27 
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i 

* 

t 

* 

t 

| Aci-d ; 

20 

22'93 

23*8 

24 

Base 

64 

' 62*47 J 

76*2 

60 

| Water 

16 

: 

li-60 


16 

jTotal 

100 

100*00 

100 

100 
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Composi- 

tion. 


These analyses agree nearly with each other. Mr Kir- 
wan's, from the great care with which it was made^ 
seems entitled to the most confidence. 


■Sfi* 8. Muriate of S-trontian* 

This salt was first described by Dr Crawford in 1190. 

It was afterwards examined by Dr Hope, by Klaproth, 

Pelletier, Fourcroy, ^nd Vauquelin. 

It may be prepared by dissolving carbonate of stron- 
tian in muriatic acid, or by decomposing sulphuret of 
strontiaa by means of that acid. The solution is then ( 
to be evaporated to a proper consistence, in order to ob- 
tain the muriate in -crystals. 

Its crystals, according to Hatiy, are very long, slen- Property. 
der, hexagonal prisms §* It has a peculiar sharp, pene- 
trating taste. Its specific gravity is 1*4402 jj. 

Three parts of these crystals are soluble in two parts 
of water at the tempereture of 60°. Boiling water dis- 
solves any quantity of them whatever ^f. From the ex- 


* Kir wars, Nicholson’s Quarto Journal , iii. 25. The salt lathe second 
column was in crystals, in the fourtn dried- 
f Aiken, Nicholson’s Jour. xxii. 30s. 

| Fourcroy, iii. 236. EngL Trans. j IK 2-62. 

| Hassenfratz, Ann. de C6im . xxviii. 1 *. 

^ According to Crawford, they dissolve m Q'%%$ of water of the tetri- 
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■Rcolc XL periments of Bucholz, we learn that 24 parts of pure 
i--- y - . / alcohol, at the temperature of 60°, dissolve one part of 
this salt ; and that it is soluble in 19 parts of pure boil- 
ing alcohol The alcohol solution burns with a fine 
purple colour. 

The crystal suffers no change when exposed to the 
air, except it be very moist ; in which case they deli- 
quesce. 

When heated, they first undergo the watery fusion, 
and are then reduced to a white powder. A very violent 
heat is said to decompose this salt. 

Muriatic acid precipitates this salt- from its solution 
in water f. Hence it crystallizes most readily when 
there is an excess of acid in the solution. 

Compos:- The constituents of this salt, according to the analy- 
tl0n '* ses hitherto given, are as follows : 


History* 



t 

§ 

t 

II 

Acid 

IS 

23*6 

31 

3S*33 

Base 

40 

36-4- 

69 

61°67 

Water 

42 

40 



Total 

100 

100 

100 

100*00 


Sp. 9. Muriate of Alumina* 

This salt was first described by Margraf in his dis- 
sertation on the Earth of Alum , published in the Berlin 


perature 190 0 ; but they are much less soluble in cold water. Hence 
they crystallize in cooling. 

* Bucholz’ Beitrage , iii. 29. f Hope, 

i Kirwan, Nicholson’s Quarto Jour. iii. 215. 

§ Vauqueliiij Fourcroy , iii. 265. Engl, Trans. 

Jj Rose, Gehlen’s J,ur. v:» 33. 
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'Memoirs for 1754*. Scarcely any addition has been 
made to the facts which he ascertained, except by Bu- 
cholz f and Wenzel J. 

It is prepared by dissolving alumina in muriatic acid : 
It is always in the state of a supermuriate. 

It is scarcely possible to obtain it in the form of cry- 
stals : it is usually either gelatinous, or in the state of 
white powder. 

. It is extremely soluble in water, one part of that li- 
quid being sufficient to reduce four parts of the dry salt 
to the consistence of a syrup §. When exposed to the 
air, it speedily deliquesces into a liquor of a glutinous 
consistence. 

Pure alcohol, in the mean temperature of the atmo- 
sphere, dissolves half its weight of this salt ; and when 
boiling, intakes up at least two-thirds of its weight, 
but deposits again a part as the solution cools ^[. 

When heated, it melts and loses its acid, while the 
alumina remains behind in a state of purity || . 

Its constituents, according to the analyses hitherto 
made, are as follows: 


Chap. in. 


Properties. 


Composi- 

tion. 




# * 

tt 

Acid 

19 

29’S 

27*7 

Base 

30 

30*0 

72*3 

W ater 

51 

40-2 


Total 

100 

‘ 100 

100 


* Margrafs Opusc. ii. 1 18. f Beitrare, iii. *09. 

t Verxvandtschaft , p. 1 1 1. § Bucholz, lb cl. p. 115. 

q Margiaf, Ibid. il Ib. : d p. in. 

Bucholz, Ibid. The second column contains his analysis as he 
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These analyses are altogether irreconcileable, unless we 
suppose that Wenzel’s earth was impure, and that it 
was not dried sufficiently. 


Sp, 1 0 a Muriate of ITttria, 

This salt has keen examined ’by Eckeberg *, Van- 
qtieli-n +* and Klaproth %. It has a strong resemblance 
to the nitrate of yttria. Like that salt, it dries with dif- 
ficulty, melts in a gentle heat, and attracts moisture ve- 
ry rapidly from the atmosphere. It does not crystal-' 
lize, but runs into a jelly.. •; 

Sp. 11. Muriate of GZucina. 

~ This salthas only been examined by Vauquelin ; and 
little more is known at present concerning its proper- 
ties than that it resembles nitrate of glucina, but is mode 
easily crystallized. 'When dissolved in weak alcohol* 
it forms an 'agreeable sweet liquid. 

Sp* 12, Muriate of Zirconia, 

Properties. This salt was first examined by Klaproth : It was 
afterwards described more particularly by Vauquelin. 

It is easily ibrmed by pouring muriatic acid on new- 
ly precipitated zirconia. It is colourless ; i s taste is 
very astringent ; by evaporation it furnishes small trans- 
parent crystals in needles, which lose their transparency 
in the air. Muriate of zirconia is very soluble in wa- 


statesit; the third the same analysis, altering th.- proportion of acid tap 
that which would have resulted from supposing muriate of silver to con- 
tain eighteen percent, of acid. 

+f Wenzel,p. i iz. * Crell’s Ann ah > 1799, ii. 70, 

\.Aan. da Cairn, mvi. I57. } Bestrage, iii. 69. 
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ter and in alcohol ; to the flame of which it does not 
communicate any particular colour. Heat decomposes 
it; and it is decomposed likewise by the saliva when 
taken into the mouth. 

When muriate of zirconia contains a little silica, it 
forms cubic crystals without consistence, and resem- 
bling a jelly. These crystals, when exposed to the air* 
gradually lose their transparency, and diminish in vo- 
lume ; and there are formed in the middle of the salt 
white silky needle-shaped crystals. 

Muriate of zirconia is decomposed by sulphuric acid; 
part of the sulphate precipitates, and part remains dis- 
solved in the muriatic acid. When this acid is driven 
off by heat, the remainder of the sulphate is gradually 
deposited : if the evaporation be stopped before the 
mass be reduced to dryness, it forms a kind of jelly 
when cold. It is also decomposed by the phosphoric, 
citric, tartaric, oxalic, and saclactic acids, which form 
•with zirconia insoluble compounds that precipitate in 
white flakes. 

The gallic acid poured into muriate of zirconia pro- 
duces a white precipitate ; but a green, bordering on 
grey, if the zirconia contains iron ; and this last preci- 
pitate becomes, when dry, of a bright black colour, and 
resembles China ink. The liquid preserves a greenish 
colour : new portions of gallic acid produce no farther 
precipitation ; but carbonate of ammonia separates in 
great abundance a flaky matter of a purplish colour* 
not unlike that of the leys of wine. From these ex- 
periments it follow's, that gallic arid has a greater af- 
finity for zirconia than muriatic acid has ; and that the 
gallates of zirconia and iron are soluble in muriatic 
acid. 

VoL IL 7 p 0 q 


Chap. m. 


Action of 
gallic acid. 
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Book IT. Carbonate of potash decomposes muriate of zirconia. 
Division 1 1L r . . r . * 

w— y— and part of the carbonic acid combines with the earth, 

and renders it easily soluble in acids though dried. 

Carbonate of ammonia occasions a precipitate, which 
is mostly dissolved by adding more carbonate. 

Prussiate of mercury produces an abundant precipi- 
tate, which is soluble in muriatic acid ; and which con- 
sequently is not muriate of merdury. 

A plate of zinc, introduced into a solution of muriate 
of zirconia, occasions a slight effervescence ; the liquor 
becomes milky, and in a few days assumes the form of 
a white semitransparent jelly. 

Alumina decomposes muriate of zirconia with the as- 
sistance of a slight heat ; the alumina dissolves* the li- 
quor becomes milky, and assumes the form of a jelly. 
When the muriate contains iron, it remains in the solu- 
tion, and the precipitated zirconia is quite pure. Here, 
then, is a method of freeing zirconia from iron 

ILiKSOLtr* iiiiiili mniMHHi ii n — ~~ 

BLE MURI- 

ATKS * Such are the properties of those muriates that are so- 

luble in water* No alkaline or earthy muriate is at 
present known that is insoluble in that liquid ; of course 
the second division of this genus does not exist. 


The following Table exhibits the solubility of the 
muriates in water and in alcohol, and the proportion of 
the constituents of each, selected from the analysis that 
-seems best entitled to confidence. 


Vauguelin, Ann. de Qhim, sxii. 0© i. 
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'^Muriates of 

Solubility 
) in zoo 
| Water. 

• 

Solubility 
in joo 
Alcohol. 

Strength 

of 

Alcohol. 

Constituents. 

Acid. 

Base. 

Water. 

Ammonia 

30*77 

1*5 

•834 

100 

33 

78 

Magnesia 

151 

50*0 

*817 

100 

89-8 

99*3 

Soda...... 

35'46 

0*5 

*834 

100 

114 

14 

Lime...... 

400 

100+A- 

*800 

100 

118-3 


Potash..., 

33 

0*38 

*834 

100 

1S5*7 


Strontian 

150 

4-16 

*796 

100 

216*2 

233 

Barytes... 

43 

0*00 

•796 

100 

.314*5 

87 

Alumina 

Uoo 

50 

•796 

100 

100 

135 

Yttria,.., 







Glucina 







Zirconia 








Chap. HI. 


Solubility 
and consti- 
tuents of 
muriates. 


v 


Of the 12 salts described above, there are only five or 0F ’ XH e 
six that have been hitherto applied to any useful pur- 
pose. The following are the most important. 

I. Muriate of potash. This salt is employed by th.e 
alum-makers to procure the crystallization of alum, 
and is prepared from the waste leys of the soap-makers 
for that purpose. 

II. Muriate of soda , This is without doubt the 
most valuable of all the salts ; the uses to which it is 
applied are too numerous to be detailed here, and, be- 
sides, they are very generally known. 
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Mctfiode of 

oxtricating 

spodafromit. 


As a seasoncr of food it seems to be almost essential 
to health. The inhabitants of maritime districts are 
too easily supplied with it to be sensible of its value ; 
but the case is very different in those countries that are 
at a distance from the ocean. Wherever it is found in 
the soil of the inland parts of America, thither the 
wild beasts resort in multitudes. They apply their 
tongues to the impregnated earth, and gather as much 

will satisfy their wants. These places are called 
ticks by the Anglo-Americans. So eager are these 
animals to obtain salt, that they will suffer themselves 
to be caught rather than leave the spot *. 

It is needless to mention the great consumption of 
salt in order to preserve animal food from putrefaction ; 
the application of it to the glazing of pottery, and to 
the preparation of leather ; the use of it in metallurgy, 
in purifying oils. In soap-making, and a hundred other 
arts. 

Its utility in chemistry is equally extensive. From 
it alone are muriatic and oxymuriatic acids obtained ; 
and from it also, of late, great quantities of soda have 
been extracted, and introduced with advantage as a sub- 
stitute for the soda formerly obtained from the combus- 
tion of vegetables. 

The acid is easily extracted from this salt by means 
of sulphuric acid : But to obtain the alkali at a cheap 
rate is not so easy. The methods which have hitherto 
succeeded may be reduced to two. 

1. Muriate of soda is decomposed by means of some 
substance which has a stronger affinity for muriatic 


* See Phil, Mag. xx, 97.- 
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acid than soda has. The soda by this process is set at 
liberty, and may be obtained by evaporation and crys- 
tallization. . * Barytes and potash would answer this pur- 
pose completely ; but unluckily these bodies cannot be 
obtained sufficiently pure, except at an expence which' 
precludes their employment. There are, however, 
three substances, which are also * capable of setting 
the base of common salt at liberty, and of furnishing 
soda, either pure or in the state of carbonate. These 
are litharge , lime , and iron. 

When about four parts *of litharge and one of com- 
mon salt, properly pounded and mixed, are macerated 
in a little water for several hours, and stirred repeated- 
ly, the muriatic acid gradually combines with the ox- 
ide of lead, and forms a muriate, while the soda is left 
in solution, and may be obtained separately by filtra- 
tion and evaporation. The decomposition goes on 
still more rapidly if the mixture be heated during the 
process. 

The fact, that the red oxide of lead decomposes mu- 
riate of soda, which was first observed by Scheele, has 
given occasion to much speculation among chemists* 
Mr Hassenfratz endeavoured to account for it, by sup- 
posing that the oxide is combined with carbonic acid, 
and that therefore it is a case of compound affinity. Mr 
Curaudau has proved that carbonic acid, instead of pro- 
moting, impedes the decomposition ; and that, in fact, 
carbonate of lead is incapable of decomposing muriate 
of soda. He concludes, therefore, that the phenomenon 
cannot be accounted for by the commonly received laws 
of affinity Vauqueiin has proved more lately, that 


Chap. Ill* 


i. By li- 
tharge. 


* Am. de Lbim. iiv. 15. 
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^Bo°k IL ^ the decomposition by means of litharge is complete^ 

^ ^ — ' provided the quantity of that oxide be greater than that 
of common salt ; that the resulting compound is a 
submuriate of lead totally insoluble in water, and which 
is not decomposed by alkalies. Hence he ascribes the 
decomposition to the attraction of muriate of lead for 
an excess of oxide *. But this does not account com- 
pletely for the decomposition, provided it be true that 
oxide of lead has a weaker affinity for muriatic acid than 
soda has. Bertbollet has at last explained, this appa- 
rent anomaly by proving, that when two substances are 
mixed with a third, for which each has an affinity, they 
divide it between them in proportions corresponding to 
the quantity of each : And if the compound formed by 
one of these substances with the third be insoluble, that 
substance combines with the whole of the third body, 
and takes it completely from the other ; because the 
insoluble compound being in fact totally abstracted from 
the mixture, the decomposition and partition commences 
again as at first after. every paitition. Thus when the 
oxide of lead and muriate of soda are mixed together, 
the oxide and alkali divide the muriatic acid between 
them, so that someof the common salt is decompo ed, 
and. some muriate of lead formed immediately after the 
mixture. But this being in the state of submuriate, or 
altogether insoluble, separates c< mple*‘ely ft cm the rest: 
in consequence of which a new partition of the muriatic 
acid between the oxide and the alkali takes place ; and 
this continues, provided the quantity of litharpe be suf- 
ficient, till the common salt js entirely decomposed. 


* Atm. de Cbint. xxxi. 
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That th.e alkali may be extracted from common salt t c h a P» IIL 
by means of lime, may be considered as a fact for which 2. By lime* 
likewise we are indebted to Scheele. Cahausen indeed 
had hinted at it in 1717; but his treatise had been 
forgotten Scheele ascertained that a mixture of lime 
and common salt, formed into a paste, and placed in a 
moist cellar, was covered with an efflorescence of soda 
In 15 daysf. In 1782 Morveau and Carny procured a 
patent from the French government to establish a ma- 
nufactory at Croisic for extracting soda from common 
salt by means of lime. Their process was exactly the 
same with that of Scheele, only upon a larger scale. It 
does not appear, however, that the manufactory was 
ever established. Berthollet has rendered it probable 
that the soda which is found abundantly on the west of 
Egypt, is formed naturally by a similar process J. 

To Scheele likewise we are indebted for the disco- 3 -ByfroH, 
very th^t common salt may be decomposed by Son. 

He observed that a wooden vessel placed in a cellar, 
and containing brine, had its iron hoops covered with 
an efflorescence of soda. This induced him to dip a 
plate of iron into a solution of common salt, and to sus- 
pend it in a cellar. After an interval of fourteen days, 
he found his iron incrusted with soda §. The same ^de- 
composition takes place also if zinc or copper be sub- 
stituted for iron |[. 

2. The second method of extracting soda from com- 
mon salt is less direct. It consists in displacing the 
muriatic acid by means of some other acid, which mar 


See his Helmenthis Exiaticus . 

| Ami. de Ch'm. xxx'ii. *45. 

|} Athcnas, Ann. de xix.$ 5 U 


f ScheeV, ii. 15. 
§ Scheele, ii. 14- 
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4. By sul- 
phuric acid 
and its com- 
pounds. 


be afterwards easily decomposed or displaced in its turn : 
thus the soda is left behind at last in a state of purity. 
The acids which have been made choice of are the suk 
phuric and the acetic ; the boracic, phosphoric, and 
arsenic acids might indeed be employed, as they de- 
compose common salt in a high temperature. The 
products in that case would be borate of soda, or the 
phosphate, or arseniate, of the same base, according to 
the acid. These salts might be afterwards decomposed 
by means of lime, and the soda obtained separate. But 
these acids are a great deal too high priced to admit of 
their employment. 

Sulphuric acid may be either emploj r ed in a separate 
state, or in combination with bases, when the salts which 
it then forms can be procured at a sufficiently cheap 
rate. Alum, sulphate of lime, and sulphate of iron, 
have been respectively employed with advantage to 
decompose common salt, and obtain sulphate of soda. 
Alum is said to have been first employed for that pur- 
pose by Constantini, a physician of Melie, near Osna- 
burg, about 1750. The process, it is affirmed, does not 
succeed except at a low temperature *. Sulphate of 
lime decomposes common salt when formed with it into 
balls, and exposed to a strong heatf. Much discus- 
sion has taken place among the German chemists about 
the possibility of decomposing common salt by means 
of sulphate of iron. That sulphate of soda may be ob- 
tained by exposing a mixture of these two salts to a 
strong heat, was first announced by Vander Ballen. 
This was contradicted by Hahneman, but confirmed by 


* Jour . de Jvdin. No. lii. p. 
f Malherbe and Athenas, Ann. do Chin. xix. 
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the experiments of Tuhten*, Lieblelnf, and Wiegleb J. Chap. III. 
It succeeded completely with the French commissioners, 

Lelievre, Pelletier, Darcet, and Giroud, who were ap- 
pointed in 1794 to examine the different processes for 
obtaining soda from common salt. They ascertained 
also that pyrites or supersulphuret of iron may be em- 
ployed for the same purpose §. 

After obtaining the sulphate of soda, it is necessary 
to expel the acid in order to procure the soda separately. 

This is accomplished by calcining the salt mixed with 
a certain portion of charcoal or of pit- coal. By this 
process it is converted into sulphuret of soda, and the 
sulphur may be abstracted by the intervention of iron 
or chalk. When the sulphuret of soda is nearly in 
fusion, small bits of iron (the parings of tinplate answer 
best) are thrown in gradually in sufficient quantity to 
decompose the sulphuret. The fire is raised till the 
mixture melts. The sulphur, having a stronger affinity 
for the iron, combines with it and leaves the soda, 
which may be separated by solution in water, filtration, 
and evaporation |] . Carbonate of lime may be employed 
also for the same purpose 

Some chemists have proposed to decompose common 5. By ace- 
salt by means of acetate of lead, using either the ace- tatcofleai 
tate of commerce, or one formed on purpose, by com- 
bining litharge with the acid liquor obtained by distil- 
ling wood. The acetate of soda formed by mixing 


* Crell’a Annals, 1790. ii. 40 6. t Ibid. p. 509. 

| Ibid;, 1793, i. 204. { Ann, de dim. xbc. 58. 

II Alban, Ann. de Cbim . six. 77.— The process was discovered by Mal- 
herbe. Sec Jtiur. de Min. No. iii. p. 67. 

\ Leblanc, Ann. de Ckim. xu. 6 1. 
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• Book tl common salt with these acetates is afterwards calcined* 
Division HI . _ .. . , Tk 

l v m order to decompose and expel the acetic acid. But 

these salts are too high priced to be employed with 
advantage to extract soda from common salt 

III. Muriate of Ammonia. This salt is in some de- 
gree combustible. Hence its importance to prevent the 
oxidize merit of metals. For many years the whole of 
the sal ammoniac used in Europe was imported from 
Egypt. In that country the greater part of the fuel 
consists of the dung of their cattle formed into balls and 
dried. These excrementitious matters seem to contain 
muriate of soda, or rather muriate of ammonia ready 
formed \ owing perhaps to the saline matters on which 
the animals feed. The soot formed during the combus- 
tion of this fuel is carefully collected and put into large 
glass bottles* which are exposed, in furnaces constructed 
on purpose, .to ^-.pretty strpng heat. The sal ammo- 
niac gradually sublimes, and att-aehes itself to the up- 
per part of the battles* where it forms, a cake of some 
inches in diameter. Though this process was commu- 
nicated, to the Academy of Sciences in 171$) by Lernere* 
French consul at Cairo, it was a considerable time be- 
fore the chemists in Europe thought of imitating it, or 
of preparing sal ammoniac themselves. The first ma- 
nufactory in Germany was begun by Gravenhorst in 
1759 f. Soon after it was made in France by Baume* 
and in Scotland by Dr Hutton. 

Prepara- The processes most commonly followed in Europe 

J:c2fc 


* ^ os> a detailed account of the processes of making salt followed m 
different countries, the reader is referred to Brownrigg’s Art of mdtkhv 
Common Salt, and to Watson's Chemical Essays , ii. 3^, 

£ Wiegleb’s Guchkhfe x ii. 55* 
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have been, l. To forma sulphate of ammonia; to mix 
that salt with muriate of soda ; and to expose the mix- 
ture to a heat sufficient to sublime the muriate of am- 
monia. The ammonia is usually obtained by the distil- 
lation of animal substances, or from soqt. 2. To de- 
compose muriate of lime by means of ammonia. 3. To 
combine muriatic aqid directly with ammonia, and to 
sublime. 

This salt is applied to a great variety of purposes. It 
is from it that pure ammonia is usually extracted. A 
considerable portion of sal ammoniac is consumed by 
coppersmiths, &c. who employ it to prevent the oxi- 
dizement of the surface of the metals which they are 
covering with tin. Dissolved in nitric acid, it forms 
aqua regia, employed in the solution of gold. It has 
the curious property of rendering many metallic oxides 
volatile, and is often used by metallurgists to separate 
metals from each other. Xhese different metallic flowers, 
as they were called, or combinations of sal ammoniac 
with metallic oxides, were formerly used in medicine. 
Great quantities of this salt were once consumed by 
the dyers, though it is difficult in many cases to see for 
what purpose. At present, much of the sal ammoniac 
made in this country is said to be exported to Russia. 

IV. Muriate of Lime* This salt w 7 as proposed by 
Fourcroy as a remedy in scrofulous diseases ; but it 
does not seem to have come into use in this country as 
a medicine. The discovery of Lowitz of the great cold 
which it generates when mixed with snow, has made it 
extremely useful as an ingredient in freezing mixtures. 
The same chemist has taught us the method of purify- 
ing alcohol and ether by means of it, from the water and 
alcohol with which they are respectively contaminated. 


Chap. III. 
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Book l r . V. Muriate of Barytes. This salt has been recom-* 

Division IIL ^ ^ 

v — ^ ^ mended as a cure for scrofulous disorders. The dose 
is from five to twenty drops or more. Care ought to 
be taken not to use it in too great quantities, as, like all 
other barytic salts, it is poisonous. 

In chemistry it is much employed as a reactive to de- 
tect the presence of sulphuric acid. When dropt into 
a liquid holding that acid in solution, an insoluble pre- 
cipitate of sulphate of barytes immediately appears. 
Bergman informs us that this precipitate is visible 
■when the acid amounts only to 0 # Q002 of the liquid. 
Even when only 0*0000.9 of sulphuric acid- is present, a 
slight cloud appears in a few minutes after dropping in 
the muriate *. 

The other muriates have scarcely been brought into 
common use either in chemistry or the arts- 

'Genus II. Fluates. 

These salts were first made known. to the world by 
Sclieele in 1771 f ; and succeeding chemists have done 
little more than repeat and confirm his experiments. 

Fluates may be distinguished by the following; pro- 

tJ haracters. 

perties : • ' 

*1.' When sulphuric acid is poured upon .them, they 
emit acrid vapours of fluoric acid, which have the pro- 
perty of corroding glass. 

2. When heated, several of them phosphoresce. 

3. Not decomposed by heat, nor altered by combus- 
tibles. 

4. Combine readily with silica by means of heat. 


* Bergman, i, iocu 


4 Scheele* i. 26, 
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Most of them are but sparingly soluble in water ; Chap. ill. 
but their properties have been but imperfectly exami- ' v 
aed. 

’ I. SoLtfBL* 

Fi.UAT £S. 

Sp> 1. Fiuate of Potash . 

T His salt is most readily procured by fusing in a pla** 
tinum crucible a mixture of fluor spar and carbonate of 
potash. The mass, digested in water, yields a solution, 
which, filtered and evaporated, leaves fiuate of potash, 

It has scarcely been examined. 

According to Scheele, it does not crystallize, but 
forms a gelatinous mass almost without taste, which at- 
tracts moisture from the air. It dissolves readily in wa- 
ter. When exposed to the fire it melts without any e- 
bullition *. 

Wenzel says, that it forms crystals when free from 
all admixture of siliceous earth f . 

Sp. 1 . Fiuate of Potash-and- Silica . 

When fluoric acid is obtained by the common process 
in glass vessels, it is always combined with a portion 
of silica* If into this impure acid a quantity of potash, 
or the carbonate, sulphate, nitrate, or muriate of that al- 
kali, be dropt, a gelatinous precipitate immediately ap- 
pears, which, when dried, becomes white like chalk* 
and separates into small loose grains like the sand of an 
liour-glass. This powder is a combination of fluoric 
acid, silica, and potash. Its nature was first ascertained 
by Scheele. 


# Schoele on Fluor, L a 6. 


f Grcn’s Haadbuth y u 53 1. 
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It has an acid taste, and is soluble in about 150 parts 
of boiling water ; but is again partly deposited as the 
solution cools. When strongly heated, it melts into a 
transparent glass, and loses its acid *. 

Mr Scheele has shown, that a similar triple salt may 
be formed by Using sodat, or the salts containing soda, 
instead of potash. 

Lime also is capable of combining with these triple 
salts, and forming with them quadruple salts, composed 
Of fluoric acid, silica, fixed alkali, and lime f. 

Sj>. 3. Fluate of Soda. 

This salt may be formed as the fluate of potash* 
When the solution is evaporated till a pellicle forms on 
its surface, it yields on cooling small cubic crystals of 
fluate of soda. These crystals have a bitter and astrin- 
gent taste ; they do not deliquesce in the air, and are 
but sparingly soluble in water. Eefore the blow-pipe 
they decrepitate, and melt into a transparent globule 

Sjb . 4. Fluate of Ammonia . 

This salt may be obtained by applying a sufficient 
heat to a mixture of sulphate of ammonia and fluor spar. 
Fluate of ammonia sublimes; or it may be prepared by 
saturating fluoric acid with ammonia. The solution 
yields by evaporation small crystals of fluate of ammo- 
nia. When heated, it sublimes in the state of a super- 
fluate. • 


* Scheele, Crell’s Annals, i.%14. Engl. Transl. f Ibid. 215}* 

i Fourcroy, HI. 306. 
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Sp. 5* Flu ate, of Alumina . 


Chap. Jit. 


This salt does not crystallize ; bur assumes, when e- 
vapor ated, the consistence of a jelly. lis taste is astrin- 
gent, and it contains always an excess of acid* 

The fi. CATES ofyttria, glue in a, and zirconia, have 
not been examined. 

II. Insole- 


$p. 6. Fluate of Magnesia. 

This salt may be formed by dissolving carbonate of 
magnesia in fluoric acid* The salt precipitates in a 
great measure as the saturation approaches. 

It is not soluble in water except there be an excess 
of acid* In that case, by spontaneous evaporation, it 
forms hexagonal prisms, terminated by a low pyramid 
composed of three rhomboidal sides. 

These crystals are hardly soluble in water. Alcohol 
dissolves a small portion of them* Heat does not de- 
compose them j nor are they decomposed by any acid *. 


S 'p. 7. Fluate (f Lime . 

This salt exists abundantly native. It is from it in* 
deed that fluoric acid is always extracted* 

It is found frequently crystallized. The primitive 
form of its crystals, according to Hauy, is the octahe- 
dron, but it occurs more frequently in cubes; some- 
times the angles, and sometimes the edges of these cubes, 
are truncated. The form of its integrant particles is 
?he regular tetrahedron. 


* Bergman, l 384. 
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Phospho- 

resces- 


This salt has no taste. Its specific gravity Is 3*15* 
It is insoluble in water, and not altered by exposure to 
the air. 

When heated, it decrepitates and phosphoresces 
strongly in the dark. It emits this light even under 
water, or in the vacuum of an air pump. When kept 
hot for some time, it ceases to shine, and the phospho- 
rescent property cannot be again restored to it by any 
process known, except by decomposing it altogether by 
means of sulphuric acid, and forming it anew. Scheele 
ascertained that new-formed fiuate of lime is equally 
phosphorescent with native. The cause of this curious 
property is not well understood. After being heated, 
the salt, though it refuses to phosphoresce any more, 
has not lost any perceptible weight, nor is it altered in 
any of its other qualities. When strongly heated, fluate 
of lime melts into a transparent glass. According to 
Saussure, this takes place at the temperature of 51^ 
Wedgewood *. 

When heated with sulphuric, phosphoric, or arsenic 
acid, the fluoric acid is driven off in white fumes ; but 
neither the nitric nor muriatic decompose it, according 
to the experiments of Scheele. The following Table 
exhibits its constituents according to the most accurate 
analysis hitherto made. 


* Jour* dc PBys. llv. 1 6m 
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II 

Acid 

16 

32| 

32^ 

Base 

57 

Olf 

6li 

Water 

21 

0 

0 

Total 

100 

100 

100 
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Sp. 3. Fluate of Barytes . 

Tills salt* as Bergman informs us, may be forthed 
by pouring fluoric acid into nitrate or muriate of barytes* 
Fluate of barytes precipitates in the form of a white 
powder* which requires a considerable proportion of 
water to dissolve it. 

Sp. 9 . Fluate of Alumina- and -Soda i 

This curious compound has been found native in 
Greenland, and described by mineralogists under the 
name of cryolite . It has the appearance of a stone* 

Its colour is greyish white ; it has some transparent 
cy ; when broken its fragments are cubical. It is soft- 
er than fluor spar, brittle, and of the specific gravity 
2*050. Before the blow-pipe it melts. According td 
the analyses of Klaproth and Vauquelin it is composed 
of 


f Gren’s Handbuchi i. 533. This analysis is very erroneous; It is as- 
cribed to ScheeleJ but I cannot fin ' it in either of the dissertations oil 
fluoric arid written by that illustrious chemist. It is given by fewan, 
without quoting Scheele. 

$ By m> analysis. [[ Klaproth, Beitrage^ iv. 365. 

Vol. II. R r 
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Acid and water 

40 


Soda.. 

36 


Alumina 

94 

91 



100* 

lOOf 


Sp. 10. Fluate of Silica • 

Fluoric acib, when obtained by the usual process 
in glass vessels, contains always a portion of silica, an<$ 
forms therefore in reality a superfluate of that earth. 
this solution be allowed to remain for a considerable 
time in a vessel not completely shut, it deposites small 
brilliant, transparent, rhomhoidal crystals. These Foul- 
er oy has ascertained to be fluate of silica. The acid 
may be separated by means of heat, and by concentra- 
ted acid. This salt is soluble in alkalies, and forms' 
with them triple salts f. The silica which precipitates 
when fluoric acid prepared in glass vessels is absorbed 
by water, retains some of that acid even after it has 
been dried. 

The fluate of strontian has not been examined. 


Such is an imperfect detail of the properties of the 
fluates, a set of compounds which have hitherto attract- 
ed hut little of the attention of chemists. The recent 
discovery of fluoric acid, however, as a constituent of 
many bodies in the mineral kingdom, where it was not 
suspected, will no doubt raise this neglected genus into 


* Klaproth’s Beitra S e> Hi. a 14. f Yauquelin, Hatiy’s Min. ii. 400. 
| Konrcroy, iii. in. 
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more repute, and induce some experimenter t6 favour 
the chemical world with a more complete detail. Rich- 
ter indeed seems to have subjected the greater number 
of them to an analysis; The following Table exhibits 
the result of his experiments and calculations *. 


Chap, in.- 



Fluates of 
Alumina..... 

Acid. 

....100....- 

Base. 

Constrtu- 




ents of the 

Magnesia.... 

.... IQ Or 

..144 

Buates. 

Ammonia..., 

.... 100 

..157 


Lirtie 

... . 1G0... 

..IS 6 


Soda 


..201 


Strontian 

.... 100......;.., 

..3J1 


Potash ....... 

....100 

..37 6 


Barytes....... 

,... loo.......*.. 

..520 



— ITT. Uses 

of Tint 

The only fluate hitherto applied to any use is the Fluat *** 
fluate of lime. In iJfcrbyshire it is turned into boxes, 
candlesticks, and various trinkets : it is employed to fa- 
cilitate the fusion of different kinds of ores; From it 
all the fluoric acid is prdcured, to what use soccer that 
acid is to be applied. 


Genus III.- BoraTes.- 

Though some of these salts have been long known^ 
and one of them has been in general use for many years* 
their nature is still but imperfectly understood, because 


* I hare bot been able to procure a f si^ht of Richter’s very curious! 
and important writings on Steebicmrfry, in which his observations on the 
ittuates are to he found. The table in the ttii was calculated from a shoft 
table given by Fischer in Bcrthollet’s Statlqut Qhemiqu c } u 136 ,' 

Rrjz 
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^Bo°k ri.^ they have been but superficially examined. Fourcroy 
- — y — is the only chemist, if we except Bergman, who has at- 
tempted a description of them. They may be distin- 
guished by the following properties : 

Characters. l. Before the blow-pipe they melt into a glass. 

2. When their concentrated solutions are boiled with 
sulphuric acid,, and allowed to cool, brilliant scales of 
boracic acid are deposited, 

3. - They are not altered by combustible bodies. 

4. With most metallic oxides they enter into fusioi^, 
and form globules of coloured glass. 


I. Soluble 

rates. 1. .Borate of Potas/j* 

This salt, which was first formed by Baron, is very 
little known. It may be prepared by calcining a mix- 
ture of boracic acid and nitre. The heat drives off the 
nitric acid, and leaves a white saline mass, which, when 
dissolved in water, yields crystals of borate of potash iu 
four-sided prisms. It is capable of combining with an 
excess of base, and forming a sub-borate of potash* 
Trom the experiments of Wenzel, the proportion of its 
constituents seems to be*. 

Acid 100 

Base SO 

Sj>. 2. Borate of Soda . 

This salt, which may be formed by saturating borax: 
with boracic acid, has never been examined. Bergmaia 


Vtrwandtschafty p, 12%+ 
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informs us, that about half its weight of boracic acid is ch ‘ <l P* 1IL 
necessary to saturate borax *. Its specific gravity is * 

1*351 f. It is soluble in 2*5 of water at the tempera-./ 
ture of 141° From the experiments of Wenzel, the 
proportion of its constituents seems to be $ 

Acid ..,.100 

Base... 44 

3* Borax or Sub-borate of Soda~ 

This salt, the only one of the borates which has been Hlst01 > 
accurately examined, is supposed to have been known 
to the ancients, and to be the substance denominated 
•chrysocollahy Pliny. At any rate, it is mentioned ’by 
Geber as early as the ninth century under the name of 
borax . Its composition was first pointed out by Geof- 
froy in 1732, and Baron in 1748. Bergman was the 
•first who demonstrated that it has an excess of base, and 
is therefore in. the state of a sub-borate. 

This salt is brought from the East Indies in an im- 
pure state under the name of tinkal , enveloped in a kind 
of fatty matter, which Vauquelin has ascertained to be 
a soap with soda for its base, When purified in Europe, 
it takes the name of borax . The purification is per- 
formed by the Dutch ; but the process which they fol T 
low is not known. Valmont Botnare informs us that 
they extract 80 parts of pure borax from 100 parts of 
tinkal. The operations are conducted in leaden vessels, 
and consist chiefly in repeated solutions, filtrations, and 


* Bergman, iii. 325. According to Withering, twice its weight is 
necessary. — Bergman’s Sciagrafbia, p. 26. Eng. Trans, 
f Hassenfratz, Ann. de Chim. xxviii, 1 2. 

J Wenzel, Ibid. p. 309. $ Fcryjardtschaft, p, 248. 
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crystallizations. Valmont Bomare suspects that they 
employ lime-water ; and Fourcroy has shown that this 
might be useful in decomposing the soap in which crude 
borax is enveloped 

Borax, thus purified, may be obtained crystallized in 
hexangular prisms, of whiph two sides are much broads 
er than the remainder, and terminated by triangular py* 
ramids. It is of a white colour. Its specific gravity is 
1*740 f . It converts vegetable blues to green, Its 
taste is styptic And alkaline. 

It is soluble, according to Wallerius, in 20 times its 
weight of water of the temperature of 60 °, and six times 
its weight of boiling watei. 

When exposed to the air it effloresces slowly and 
slightly. 

When heated, it swells, loses about four-tenths of its 
weight, becomes ropy, and then assumes the form of a 
light porous, and very friable mass, known by the name 
of calcined borax ; in a strong heat it melts into a trans- 
parent glass still soluble in water. 

Whemtwo pieces of borax are struck together in the 
dark, a flash of light is emitted J. 

This salt, according to Bergman, is composed of 
39 acid 
17 soda 
44 water 


*00 II 


# Fourcroy, Ui. 330. 

i Kirwan, Wallerius makes it 1720 ( Chemistry , p. 26 6) ; Dr Wat- 
son, 1757 (EiS JyS, V. 67;. 

I Nicholson’s Jour. ii. 28. j| Bergpaan’s note? on Scheffer. 
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_ Sp. 4* Borate of Ammonia . 


Chap. II L 


This salt has been described by Wenzel. It forms 
permanent crystals, which have a considerable resem- 
blance to borax. When heated the ammonia flies off, 
carrying with it a portion of the acid, bat leaving a 
part of it in a state of purity. From the experiments 
of Wenzel, its constituents are * 

10Q acid 

34 base and water. 


Sp. 5. Borate of Strontian , 


This salt has only been formed by Dr Hope. Iris 
a white powder, soluble in about 130 parts of boiling 
water. The solution turns the syrup of violets green f. 
It is therefore in a state of a sub-borate. 


II. Insolu- 
ble do- 

„ T, ■ RATES. 

Sp . 6. Borate of Magnesia, 

Bergman formed this salt by dissolving magnesia in 
boracic acid. The solution proceeded slowly; and on 
evaporation, the salt was precipitated in small irregular 
crystals. It is soluble in acetic acid. Alcohol decom- 
poses it. It melts easily in the fire without being de- 
composed %. This salt has been found native in the 
mountain of ELalkberg near Luneburg in Germany. It 
was first analysed by Westrumb in 178S. 


* Verwandtschafty p. 349. 

$ Bergaun, i. 3&6. 


\ Hope, Editu Trans, iv. Ijr, 
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T J' r It is in the form of transparent or opaque white crys- 

tals, consisting of cubes, having their edges and four of 

d£e. nd ^ their angles truncated. It is so hard as to scratch glass, 
and to strike fire with steel. Its specific gravity is 
2"566. When heated, it becomes electric; and, what 
is singular, the truncated angles are always positively 
electric, while the opposite entire ones are negative 

These crystals are insoluble in water, and not altered 
by exposure to the air. When heated, they decrepi- 
tate : in a red heat they lose their lustre, but do not 
sensibly diminish in weight. In a white heat they lose 
O' 005 of their weight. When exposed to the action 
pf a very violent heat, they melt into a yellow- coloured 
glass, 

Acpording to Westrumb, they are composed of 
73*5 acid 
14*6 magnesia 
11*9 lime 

100*0 

Hence the salt was considered as a triple compound 
pf boracic acid, lime, and magnesia; but Vauquelin has 
shown, that the lime is foreign, and that the mineral is 
borate of magnesia f. 

Sp. 7, Borate of Lime . 

This salt may be formed by mixing together lime- 
water and the aqueous solution of boracic acid, or by 
boiling together lime and pure borax in water. In ei- 


# Hauy, Ann. de Cbim. ix. 59 . 


f Nicholson, ii. no, Second Series. 
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ther case, the borate of lime precipitates in the state of 
a white” powder, tasteless, and difficultly' soluble in 
water *. 

Sp. 8. Borate of Barytes . 

An insoluble white powder, which has scarcely been 
examined, formed by the same process as borate of 
lime. 

Sp. 9. Borate of Alumina . 

This salt may be formed by mixing together the so- 
lutions of borate of soda and sulphate of alumina. It 
is said to be scarcely soluble in water, and not to crys- 
tallize. 

When boracic acid and silica are exposed to a strong 
heat, they melt together into a transparent glass. This 
compound has received the name of borate of silica from 
Fourcroy. 

The other borates are unknown. 


The only salt belonging to this genus that has been 
applied to any useful purpose, is borax. It is some- 
times used in medicine as an astringent. It is used as 
a flux for metal s, and enters into the composition of some 
of the coloured glass pastes made in imitation of gems; 
but its great use is to facilitate the soldering of the more 
precious metals. It is employed also as a flux by mi- 
neralogists in essaying the properties of minerals by the 
blow-pipe. 


Chap. III. 

< „ * 


HI. Uses 

of THE 
Borates. 


* Bergman, hi. 363. 
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Genus IV. Phosphates. 


This class of salts was first distinguished by Pott and 
MargrafF. Several of the phosphates were afterwards 
examined by Haupt Schlosserf, Rouelle J, Proust §, 
Westrumb and Scheele ; but for the most complete ac- 
count of them we are indebted to Fourcroy and Vau- 
quelin. They may be distinguished by the following 
properties : 

Characters. i. When heated along with combustibles, they are 
not decomposed, nor is phosphorus obtained. 

2. Before the blow- pipe they are converted into a 
globule of glass, which in some cases is transparent, in 
others opaque. 

3. Soluble in nitric acid without effervescence, and 
precipitated from that solution by lime-water. 

4. Decomposed, at least partially, by sulphuric acid; 
and their acid, which is separated when mixed with 
charcoal and heated to redness, yields phosphorus. 

5. After being strongly heated, they often phospho- 
resce. 

The phosphates, like the sulphates, readily combine 
with an excess of acid, and form supersulphates. 

The phosphates at present known amount to 12; two 
of which are triple salts. Some of these salts occur in 
different states, constituting varieties J|. 




c 




* De Sals Mirab'tU Perlato , 174O. f Ds Sale Urines, tj 6 o. 

$ Jour. Je Medicine, *776. § Jour, ae Phys. xvii. 

j] In the description the phosphates given in most systematical 
works, they have been confounded with the phosphites. Fourcroy alone* 
guided by the experiments of Vauqnelln, has observed the distinctioa 
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r» TIT 7 - _ _ I. SoLOBLC 

op. I. Phosphate of Potash. Pho«- 

PHAT£3* 

Of this salt there are two varieties: The first, which 
is in reality a superphosphate , was first described by 
MargrafF in 1740 *, and distinguished from the phos- 
phate by Lavoisier in 1774. The second, which is a 
neutral salt, was also noticed by MargrafF in 1746 f, 
but its constituents remained unknown till they were 
lately ascertained by Darracq %. 

Variety 1. Superphosphate . This salt may be pre- 
pared by dropping carbonate of potash into diluted 
phosphoric acid till all effervescence ceases, and then 
evaporating the solution. It crystallines with great dif- 
ficulty into striated prisms ; assuming more readily the 
form of Sa jelly, and when the evaporation is carried 
farther, becoming dry altogether. Its specific gravity, 
when dry, is 2*8516 §. It is exceedingly soluble m 
water ; and when dry readily attracts moisture from 
the atmosphere, and is converted into a viscid liquid. 

When heated, it first undergoes the watery fusion ; then 
allows its water of crystallization to evaporate, and is 
reduced to dryness. In a high temperature it melts in- 
to a transparent glass, which deliquesces again when ex- 
posed to the air. 

Variety 2. Phosphate. This salt may be formed by 
mixing together superphosphate of potash and pure pot- 


•throughout. Indeed there is strong reason to suspect, that the difference 
between these two genera of salts depends more upon other circumstan- 
ces than upon the mature of the acid. 

# Opusc . i. 24. f Ibid. p. 162. | Ann. da Cbim . si. 17$. 

$ Hassenfrats, Ann. da Cbim. xxyiti. 12- 



SALTS, 


^ Book Ik ash, and exposing them to a strong heat in a platinum cru- 
cible. A white coloured substance is obtained, which 
is the phosphate in question. Or we may boil any of 
the alkaline superphosphates in a solution of potash, 
A white powder tails, which is the salt wanted. By 
this last process it was procured by Margraf, 

The phosphate of potash is tasteless and insoluble in 
cold water, but soluble in hot water ; and it precipitates 
as the solution cools in a gritty powder. It is extreme- 
ly fusible ; melting before the blow- pipe into a trans- 
parent bead„ which becomes opaque on cooling. It is 
soluble in nitric, muriatic, and phosphoric acids : the 
solutions, are thick, glutinous and adhesive. When 
sufficiently diluted, the alkalies occasion no precipitate 
in these solutions ; but when they are concentrated, a 
precipitate appears. 

According to the analysis of Saussure junior, its com- 
position is as follows : 

acid 35 
base 65 


History. 


This salt has the property of combining, and of forming 
a triple insoluble compound with lime. 

Sp. 2. Phosphate of Soda . 

This salt exists ready formed in urine, and was the 
first known of all the phosphates. It occupied a good 
deal of the attention of chemists ; and the difficulty of 
analysing it gave occasion to various hypotheses con^ 


* Sur la Vegeta, p. 33 r. 
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earning its nature. Heilot remarked it in urine ; and 
described it, in 1737, as a salt different from those that 
had usually been observed. Haupt described it in 1740 
under the name of sal mirabile perlatufn , or “ wonder- 
ful perlated salt.” It. was called perlated from the 
grey, opaque, pearl-like colour which it assumed when 
melted by the blow-pipe. Margraf examined it in. 
I 745, and found it would not yield phosphorus when 
treated with charcoal as the other salts of urine did, hut 
ascertained that it contained phosphoric acid. Rouelle 
the Younger analysed it in 1776 \ and concluded from 
his experiments that it was a compound of phosphoric 
acid and soda * ; but Mr Proust, being unable to ob* 
tain phosphorus from it, concluded that its acid was 
not the phosphoric, but another analogous to the bora- 
eicf. To this substance, which Mr Proust actually 
obtained, Bergman gave the name of perlated ticzd, and 
Morveau afterwards called it burette acid. But Mr 


Chap. Hf. 


Klaproth soon after analysed it, and proved that 
it consisted of soda supersaturated with phosphoric 
acid J. Scheele soon after made the same discovery §. 

The acid of Mr Proust, then, is merely phosphate of 
soda combined with phosphoric acid, or superphosphate 
of soda , 

Dr Pearson, who introduced it into medicine as a 
purgative, gave the following process for preparing it : 

Dissolve in a long necked matrass 1400 grains of Prepara- 
crystallized carbonate of soda in 2100 grains of water 
at the temperature of 150°. Add gradually 500 grains 


*~Jour. de Med. 1776, Juillct. 
% (’roll's Annals i 1 785, i. 338. 


f Jour . de Pbys. X 7 8 T, i. 1 4.5* 
§ Ibid, iu 387- 
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Book IL of phosphoric acid of the specific gravity 1*85. Boil 
. the liquor for some minutes ; and while it is boiling 
hot, filtrate it* and pour it into a shallow vessel. Let 
it remain in a cool place* and crystals will continue to 
form for several days. From the above quantities of 
materials he has obtained from 1450 to 1550 grains of 
crystals. Apothecaries usually prepare it from the su- 
perphosphate of lime* obtained from bones by means of 
sulphuric acid. An excess of carbonate of Soda is ad- 
ded to separate the lime. The liquid is then filtered 
and evaporated slowly till it crystallizes. 

Properties. , Its crystals are rhomboidal prisms, of which the a- 
cute angles are 60°, and the obtuse angles 120°, ter- 
minated by a three-sided pyramid. Its specific gravity 
is 1*333 *. Its taste is almost the same with that of 
common salt. It is soluble at the temperature of 60 ° 
in about four parts of water, and in two parts of boiling 
water. This solution crystallizes on cooling ; but, in 
order to obtain the salt properly crystallized* the solu- 
tion should contain a slight excess of alkali. When 
exposed to the air, this salt very soon effloresces on the 
surface. When heated* it undergoes the watery fusion* 
At a red heat it melts into a white enamel. Before the 
blow-pipe it melts into a transparent globule, which 
becomes opaque on cooling, and its surface acquires a 
polyhedral figure. 

It is not altered by combustibles nor metals. With 
metallic oxides it enters into fusion, and forms a colour* 
ed globule of glass. Sulphuric, nitric, and muriatic 
jjLcids, decompose it partially, and convert it into super* 


* Hassenfratz, Ann , it Cbim. xxy Hi. 
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phosphate of soda . In this state it is more soluble in Chap. ^ 

water, and not so easily crystallized 5 but may be ob- 
tained by proper evaporation in the state of thin scales, 
hot unlike boracic acid. It was this superphosphate 
which Proust obtained, and which he considered as a 
peculiar acict. 

The greater number of earths may be fused along 
with this salt, and converted into glass. 

Sp . 3 . Phosphate of Ammonidi 

This salt also exists in. urine, and seems to have been 
first accurately distinguished by Rouelle. It was af- 
terwards examined by Lavoisier in 17 74, and still more 
lately by Vauquelin*. It is usually prepared by sa- 
turating with ammonia the superphosphate of lime ob- 
tained from bones, and evaporating the solution to such 
a consistency, that when allowed to cool the phosphate 
ef ammonia is obtained in crystals. 

It crystallizes in four-sided prisms, terminated by Properties, 
equal-sided pyramids. Its taste is cooling, salt, and 
ammoniacal. Its specific gravity is 1*8051 f. It is 
soluble in four parts of water at the temperature of 
60 °, and in rather a smaller proportion of boiling wa- 
ter. It is by spontaneous evaporation that it is obtain- 
ed in the state of regular crystals. It is not altered by 
exposure to the air. When heated, it undergoes the 
watery fusion : it then dries ; but if the heat be conti- 
nued, it swells up, loses its alkaline base, and the acid 
melts into a transparent glass. It is the only one of 
the earthy and alkaline phosphates which can be decom* 


* Jour, de l* E cole Poly technique, 
t Hasscnfracz, Ann , de Cbm, xxviii. 12. 
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posed by heat : hence the reason that it yields phos* 
phorus when distilled along with charcoal* 

It is decomposed by the sulphuric, nitric, and muria- 
tic acids, and by the fixed alkalies and alkaline earths* 
It is capable of combining with an additional dose of 
acid, and of passing into the state of a superphosphate* 


Sj>. 4. Phosphate of Magnesia . 

This salt was first formed by Bergman in 1775** 
It has lately been examined with much precision by the 
indefatigable Vauquelin f. It is usually prepared by 
dissolving carbonate of magnesia in phosphoric acid, 
and evaporating the solution gradually till the salt crys- 
tallizes ; but it may be obtained in large regular crystals 
by a much easier process, first pointed out by Four- 
Prepara- croy. Mix together equal parts of the aqueous solu- 

SCWl *' tions of phosphate of soda and sulphate of magnesia. 

No apparent change takes place at first ; but in a few 
hours large transparent crystals of phosphate of magne- 
sia make their appearance in the solution. 

Properties. Its crystals are six-sided prisms, the sides of which 
are unequal. It has very little taste ; however, it leaves 
a cooling and sweetish impression upon the tongue. Its 
specific gravity is T54S9 J. It requires about 15 parts 
of cold water to dissolve it. It is more soluble in boil- 
ing water, but it crystallizes in part as the solution 
cools. When exposed to the air, it loses its water of 
crystallization, and falls down in powder. When heat- 


* Of use. i. 390. f Jour, de VEcole Poly technique. 

1 Hassenfratz, Ann. de Chim . xxviii. 12. 
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ed moderately, it is also reduced to a dry powder. In Chap. nr. 
a high temperature, it melts into a transparent glass. 

Sp. 5. Phosphate of So da- and* Ammonia. 

Though this salt, known to -chemists by the names 
of micro cosmic salt and fusible salt of urine , was extract- 
ed from urine, and examined much sooner than any of 
the other phosphates, it was long before philosophers 
were able to form precise notions concerning its nature, 
or even to obtain it in a state of purity. Margraf was 
the first who pointed out the method of procuring it pure, 
and who published a detailed description of its proper- 
ties. He showed that it contained ammonia, and that it 
yielded phosphorus ; but he did not succeed in discover- 
ing its whole constituents*. Fourcroy was the first 
who gave a precise account of the proportion of its 
component parts f. According to him, it is composed 
of.. 32’&cid 

24 soda 

19 ammonia 

25 water * « 

zoo ^ 

The properties of this salt are nearly those of the 
phosphate of soda and phosphate of ammonia joined to- 
gether. It answers better than the first of them as a flux ; 
because the heat soon drives off the ammonia, and leaves 
an excess of acid. Its specific gravity is 1*509 J. When 
exposed to the air, this salt effloresces, and gradually lo« 


Ojhusc. i. 12.3. f Ann. de Chim . vii. 183* 

f Hassenfratz, Ann* de Chim, xxviii. 1 %. 
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ses its ammonia 9 a fact first observed by the Duke de 
C ha nines* Margraf had observed that the ammonia is 
dissipated when the solution of it in water is evaporated-. 


$p> 6< Phosphate of Ammotiia-and-Magnesia. 

This salt was first discovered by Fourcroy, who 
found k in a calcalous concretion formed in the colon 
of a horse* Since this discovery, Fourcroy and Vau« 
$pelin have observed it also in human urine. 

It might be prepared by mixing together solutions of 
the phosphates of ammonia and of magnesia in water ; 
the triple salt immediately precipitates in the state of 
a white powder* Wheat urine is allowed to remain a 
considerable time in close vessels, it often deposites this 
salt in regular crystals on the sides and bottom of the 
vessel. These crystals are small four-sided prisms, ter- 
minated by irregular four-sided pyramids* This salt 
is tasteless* scarcely soluble in water* and not liable to 
be altered by exposure to the air. When heated, it 
falls to powder, gives out its ammonia, and in a high 
temperature meh& into a transparent globule. When 
distilled along with charcoal, phosphorus is obtained. 
Fourcroy has ascertained that the phosphate of ammo- 
jaia-aBd^tnagnesia, obtained from the calcalous concres. 
rions of the; horse, is composed of 

. 33 phosphate of ammonia 

; .33 phosphate of magnesia 

■ 33 water ' " 
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$p* 7. Phosphate of Lime • 

Of this salt there ate two varieties; the first neutral, 
the other a supersalt. 

V ariety 1 . Phosphate of Lime . This interesting salt, 
which constitutes the basis of bones, was pointed out 
by Scheele and G-ahn in 1774: but for the first precise 
account of its properties we are indebted to Eckeberg*, 
Fourctoy, and Vauquelinf. 

As this salt constitutes the basis of bones, it is not 
necessary to prepare it artificially. It may be obtain- 
ed in a state of purity by the following process : Cal- 
cine the bones to whiteness, reduce them to powder, 
and wash them repeatedly with water, to separate se- 
veral soluble salts which are present. Dissolve the 
whole in muriatic acid, and precipitate by means of am- 
monia. The precipitate, when well washed and dried, 
is pure phosphate of lime. 

Phosphate of lime, thus prepared, is always in the 
state of a white powder ; but it is found native in re- 
gular crystals. In that state it is known by the name 
of apatite . The primitive form of its crystals is, ac- 
cording to Hauy, the regular six-sided prism ; and the 
primitive form of its integrant particles is a three-sided 
prism, whose bases are equilateral triangles : But it ve- 
ry often assumes other forms. It is destitute of taste, 
insoluble in water, and not liable to be altered by expo- 
sure to the air. It may be exposed to a strong heat 
without undergoing any change ; but in a very violent 
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* Crell’s Annals, 1798, i. 323. 


f Ntern* dt VJnstii, ii. 074* 
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t mi transparent enamel, or rather porcelain. According 

to the experiments of Saussure, a heat of 37 &° Wedge- 
wood is necessary to produce this effect*. It is soluble 
in nitric and muriatic add without effervescence, and 
may be again precipitated from them unaltered by mu- 
riate of ammonia. 

Sulphuric, nitric, muriatic,- fluoric, and several ve- 
getable acids, are capable of decomposing phosphate of 
lime ; but the decomposition is only partial. Four- 
croy and Vaucjuelin have ascertained, that these acids 
are only capable of abstracting 0*40 parts of the lime, 
while the remainder continues combined with the phos- 
phoric acid, constituting a superphosphate of lime . Hence 
the reason that phosphoric acid is capable also of decom- 
posing partially the combination of these acids with 
lime; it abstracts as much of the lime as is sufficient to 
convert it into superphosphate. The constituents of 
phosphate of lime, according to the most accurate ana- 
lyses; are as follows : 


Coinpoti- 



t 

t 

} 

II 

Acid. « • 

30*5 

39 

41 

45 

Base ... 

69*5 

36 

59 

55 

Water. 


25 



f Total 

100 

100 

100 

100 


* Jour , , de Fhys . alv. f Klaproth’s Beitrage , iii. 205. 

t Edkebcrg, Creil’s Annals , 1798, i. 331. 

J Fdurctoy and V atfduelin. jj Richter, Statique Clmigue, L 13 d- 
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These analyses do not differ much from each other, if 
we except the first, which doubtless givps the propor- 
lion of acid too small *. 

Variety 2. Superphosphate of Lime. This variety 
was first distinguished as a peculiar compound in 1795 
by Fourcroy and Vauquelin. It had indeed been often 
formed before, but chemists had neglected to examine 
it. It is this salt which always remains in the aque- 
ous solution when calcined bones are decomposed by 
means of sulphuric acid : and it may be formed artifi- 
cially by dissolving phosphate of lime in phosphoric 
acid, till the acid refuses to take up any more, and af- 
terwards evaporating the solution till the salt crystal- 
lizes. 

Its crystals are usually thin brilliant plates, resem- 
bling mother-of-pearl, which easily adhere together, 
jand acquire a kind of gluey consistency. Its taste is 
strongly acid. Water dissolves it, and in a greater pro- 
portion when boiling hot than when cold : hence a sa- 
turated solution of it in boiling water crystallizes om 
cooling. It attracts a little moisture when exposed to 
the air. 

When heated, it readily undergoes the watery fu- 
sion ; then swells up and dries. In a high temperature 
it melts into a semitransparent glass, which is tasteless 
..and insoluble, and is not altered by exposure to the air. 
When this salt is heated to redness along with charcoal, 
its excess of acid is decomposed, and converted into 
phosphorus, and phosphate of lime remains behind. It 


* Klaproth indeed elsewhere gives the constituents of this salt exact# 
ly as in the last column of the table in the test- * 
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is from this salt that phosphorus is usually obtained 
but the process of Fou?croy, which consists in decom- 
posing the superphosphate of lime by means of acetate of 
lead, and afterwards decomposing the phosphate of lead 
by means of charcoal, must yield a much greater pro- 
portion of phosphorus. 

No acid hitherto tried is capable of decomposing this 
salt, except the oxalic, which abstracts its; base com- 
pletely, and precipitates with it in the form of oxalate of 
lime : but it is decomposed and reduced to the state of 
phosphate of lime by all the alkaline and earthy bases. 
It is composed, according to the analysis of Fourcroy 
and Vauquelin, of. .... ; 5.4 acid 

46 lime 


100 


Sp. S. Phosphate of Barytes. 

This salt has hitherto been described only by Mr 
Vauquelin *. 

Prepara- It may be prepared either by saturating phosphoric 
acid with barytes or carbonate of barytes, or by mixing 
together an alkaline phosphate and nitrate or muriate of 
barytes. In either case the phosphate of barytes preci- 
pitates immediately in the form of a white powder. 

Properties. This salt is tasteless, incrystallizable by art, insoluble 
in water, and not altered by exposure to the air. Its 
specific gravity is 1*2867 f. When strongly heated it 
melts into a grey-coloured enamel. The proportion of 
its component parts is unknown. 


Jour . dc V Ecole Polytcchnique. 
f Hassenfratz, Ann . dc Chim, xxviii. ia. 
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When phosphoric acid is dr opt into* a solution of ( Chsp. HL 

i« wrumr m #' 

bastes water, a precipitate of phosphate of barytes im- 
mediately falls * but this precipitate is redissolved by 
adding an excess of acid *. Hence it. follows, that this 
salt is capable of combining with an additional dose of 
acid, and forming a superphosphate of barytes* 

Sp. 9- Phosphate of Strontian* i 

This salt was first formed by Dr Hope ; but it was 
more particularly described by Vauquelin in 1791 f. 

Like the former salt it may be formed by dissolving 
carbonate of strontian in phosphoric acid, or by mixing 
together nitrate of strontian and phosphate of soda- A 
white precipitate immediately falls, which is the phos- 
phate of strontian. 

This salt is tasteless, insoluble in water, and not al- Properties, 
terable by exposure to the air* It is soluble in an excess 
of phosphoric acid ; a property which distinguishes it 
from phosphate of barytes. Before the blow-pipe it fuses 
into a white enamel, and at the same time emits a phos- 
phoric light. It is completely decomposed by sulphuric 
acid, but by no other. According to Vauquelin, it is 

composed of • * 41’ 24 acid 

58*16 strontian 


100-00 

$ p. 10. Phosphate of Alumina* 

This salt has only been examined by Fourcroy. It 
may be formed by saturating phosphoric acid with alu- 


# Fourcroy and Vauquelin, Mem. de Vlnsi-lt, ii 6 .t. 
f Jour, de Min . An. vi, p. a 3. 
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mina. It is a tasteless powder, insoluble in water. 
Dissolved in phosphoric acid, it yields a gritty powder, 
and a gummy solution, which by heat is converted into 
a transparent glass. 


Sp. 11, Phosphate of Yttria. 

This salt has only been formed by Vauquelin. When 
the solution of phosphate of soda is mixed with the sul- 
phate, nitrate, or muriate of yttria, phosphate of yttria 
precipitates in gelatinous flakes *. 

Sp. 12. Phosphate of Glacina. 

This salt has been examined only by Vauquelin. He 
obtained it by pouring phosphate of soda into the solu- 
tion of glucina iti sulphuric, nitric, or muriatic acid. 
The phosphate of glucina is precipitated in the state of a 
Properties, white powder. It does not crystallize. It is tasteless, 
insoluble in water, unless it contains an excess of acid, 
and not liable to be altered by exposure to the air. 
When heated strongly, it melts into a transparent 
glass f. 



Such are the properties of the phosphates as far as 
we are acquainted with them at present# Hitherto no 


♦ Ann. de Chim . xxxvi. 158. 

f Phosphoric acid and\ilica, when mixed together and exposed to a 
strong heat, melt into a beautiful transparent glass, which is not decom- 
posed either by the action of acids or of alkalies. Fourcroy has given 
this compound the name of phosphate of silica ; but it is essentially diffe- 
rent from salts, and ought therefore rather to be ranked in some other 
class of bodies. 



PHOSPHATES, 




complete analysis of their constituents has been publish- 
ed except by Richter, The following Table exhibits 
the result of his experiments and observations 


dhap. III. 


Phosphate of 

Acid. 

Base. 

Alumina. • . . 

0 « • » 100 • « • < 


Magnesia . . • . 

. . . .100. . . , 





Ammonia.. . « 

► ....100..., 


Lime . . 

...•100.... 

.. ..81 

Soda. ....... 

, . . . 100 • , . , 


Strontian • • • » 

• • • • 100 • • . 

. ... 135*7 

Potash ...... 

.... 100 • • . 

. ... 1(34 

Barytes. * . . . 


. . T .007 


III. IT'S £5 

Four only of the phosphates have been hitherto ap- 
plied to any useful purpose, phatxs. 

1 . Phosphate of soda. — This salt has been introduced 
into medicine as a purgative; and as its taste js not disa- 
greeable, it has been much employed. It is usually ta- 
ken in broth, which it is employed to season instead of 
common salt. It may be substituted for borax to pro- 
mote the soldering of metals. Mineralogists employ it 
as a flux when they examine the action of heat on mi- 
nerals by means of the blow-pipe. 

2. Phosphate of ammonia . — This salt is much em- 
ployed as a flux in experiments with the blow-pipe. It 
enters also as an ingredient in those coloured glasses 
called pastes , which are made in imitation of precious 
stones. 

3 . Phosphate of soda- and- ammonia. — This salt, like 


Statiyuc Chcm}que l i. 1 3 6 . 
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v~-^ pipe, and answers, remarkably well op account of the 
readiness with which it parts with its ammonia* 

4. Phosphate of lime *— This salt is employed for 
making cupels ^ from it also- almost the: whole of the- 
phosphorus employed by -chemists is extracted* It if 
employed likewise as a medicine in rickets* 


Genus- V. Phosphites 

These salts have been lately examined for the first 
time, aud their properties described, by Fourcroy and 
Vauquelinf* They may be distinguished by the fol- 
lowing properties; 

Characters. 1 * When heated they emit a phospft orescent flame „ 

2. When distilled in a strong heat, they give out a 
little phosphorus, and are conversed into phosphates. 

3» Detonate when heated with nitrate or oxy muriate 
of potash, and are converted into phosphates. 

4. Converted into phosphates by nitrate or oxymu-. 
riatic acid. 

5. Fusible in a violent heat into glass. 

The phosphites at present known amount to eight. 

5. Sglcble «*—-**-- 

1 J HO 8- 

Sp. 1. Phosphite of Potash* 

This salt is formed by dissolving carbonate of potask 


* The near resemblance between the phosphates and phosphites has in- 
duced me to place them next each other ; though it was necessary to se- 
parate them in the table of the arrangement, 

t Jmr» de V JZcoU Paly.tcchriique^ I. iy. 
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in phosphorous acid^ and eyaporating the solution slowly 
till it deposites crystals of phosphite of potash. It crys- 
tallizes in four-sided rectangular prisms, terminated by 
dihedral summits. Its taste is sharp and saline. It is 
soluble in three parts of cold water, and still more so- 
luble in boiling water. It is not altered by exposure to 
the air. When heated it decrepitates, and then melts 
into a transparent globule, which becomes opaque on 
cooling. It does not phosphoresce so evidently as the 
other phosphites, perhaps because it contains an excess 
of potash, which saturates the phosphoric acid as it 
forms. 

It is composed of. 39*5 acid 

49*5 potash 
11*0 water 

100-0 

Sp 2. Phosphite of Soda, 

This salt may be prepared exactly in the same way 
as phosphite of potash. Its crystals are irregular four- 
sided prisms or elongated rhomboids. Sometimes it 
assumes the form of square plates, or of plumose crys- 
tals. Its taste is cooling and agreeable. It is soluble 
in two parts of cold water, and scarcely more soluble ia 
boiling water. When exposed to the air it effloresces. 
Before the blow-pipe it emits a beautiful yellow flame, 
and melts into a globule, which becomes opaque on. 
cooling. 

It is composed of .16*3 acid 

23*7 soda 
60*0 water 


Cfcar. ill. 
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5jiu 3. Phosphite of Ammonia. 

This salt may be prepared by the same processes as 

<# # 

the two last described phosphites. It crystallizes some- 
times in long transparent needles* and sometimes in 
four- sided prisms terminated by four-sided pyramids. 
It has a very sharp saline taste. It is soluble in twe 
parts of water at the temperature of 60°*and still more 
soluble in boiling water. When exposed to the air* it 
attracts moisture* and becomes slightly deliquescent. 
When distilled in a retort the ammonia is disengaged 
partly liquid and partly in the state of gas* holding phos- 
phorus m solution* which becomes luminous when 
mixed with oxygen gas. Before the blow-pipe on char- 
coal^ it boils and loses its water of crystallisation * it 
becomes surrounded with a phosphorescent light* and 
bubbles of phosphore ted hydrogen gas are emitted*, which 
burn in the air with a lively Hams* and form a fine co- 
ronet of phosphoric acid vapour. This gas is emitted 
also when the salt is heated in a small glass bulb* the 
tube belonging to which is plunged under mercury-. 

This salt is composed of 26 acid 

51 ammonia 
23 water 


$ 00 ; 

Sp. 3 . Phosphite of Ammonia-and- Magnesia* 

This salt may be formed by mixing together the 
aqueous solutions of its. two component parts. It is 
sparingly soluble in water, and may be obtained in crys- 
tals ; but its properties have not been examined with 
precision * 
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$p* 5. Phosphite of Alumina* 

This salt may lie prepared by saturating phosphorous 
acid with alumina, and then evaporating the solution 
to a proper consistence. It does not crystallize, but 
forms a glutinous mass, which dries gradually, and does 
afiot afterwards attract moisture from the air. Its taste 
Is astringent. It is very soluble In water. When heat- 
ed, it froths and gives out phosphorus, but It does not 
readily melt into a globule of glass, 

•mmmn — - II. Tssorc- 

sle Psras- 

$p« 6 - Phosphite of Magnesia* • iphitba . 

Tins salt is best formed by mixing together aqueous 
solutions of phosphite of potash or soda and sulphate 
of magnesia ; the phosphite of magnesia gradually pre- 
cipitates in beautiful white Hakes. It has no sensible 
taste, it Is soluble in 400 parts of water at the tempe- 
rature of 60°, and scarcely more soluble in boiling wa- 
ter. When its solution is evaporated slowly, a transpa- 
rent pellicle forms on its surface, Hakes are deposited, 
and towards the end of the process small tetrahedral 
crystals are precipitated. When exposed to the air, it 
effloresces. When heated, it phosphoresces and melts 
*nto a glass which becomes opaque on cooling. 

It is composed of«*. ••••«• 44 acid 

SO magnesia 
36 water 

100 

Sp* 7. Phosphite of* lime* 

This salt may be formed by dissolving lime In phos- 
phorous acid. When the saturation is complete, the salt 




SALTS. 


&3S 


precipitates In tile state of a white powder. It is. taste- 
less and insoluble in water; but it dissolves in an ex- 
cess of acid, and forms a superphosphite. This last 
salt may be obtained in prismatic crystals by evapo- 
rating the solution. This salt is not altered by expo- 
sure to the air« When heated it phosphoresces and 
emits a little phosphorus. In a violent heat it melts 
into a transparent globule. 

It is composed of 34 acid 
51 lime 
15 water 

100 

Sp. 8. phosphite of Barytes . 

This salt may be formed by pouring phosphorous 
acid into barytes water, or this last water into a solu- 
tion of phosphite of soda. In either case phosphite of 
barytes precipitates in the form of a white powder. It 
is tasteless, and but very sparingly soluble in water, 
Unless there be an excess of acid. It is not altered by 
exposure to the air. Before the blow T -pipe it melts, 
and is surrounded with a light so brilliant that the eye 
can scarcefy bear it. The globule which it forms be- 
comes opaque as it cools. 

It is composed of 41*7 acid 

5l'3 barytes 
7*0 water 


100*0 

Hitherto none of these salts have been applied to any 
Useful purpose. 
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Genus VL Carbonates. 


Chap. ITT. 
v * 


Though several of the carbonates were 3n the hands 
■■of chemists, and employed by them in the greater num- 
ber of their experiments, their nature and- composition 
were entirely unknown till Dr Black discovered it in 
1756- Since that time they have been examined with 
great attention by almost every chemist of eminence ; 
so that at present no family of salts is more accurately 
.understood* The first treatise on Ike subject was pub- 
lished by Bergman in 1774 

They may be distinguished by the following proper- 
ties : 

1. When sulphuric acid is poured upon them, they Character* 
•ciFervesce violently, emitting carbonic acid gas.* 

2. When heated strongly, the carbonic acid is driven 
off, and the base remains in a state of purity. Some 
carbonates require a very violent 'heat to be thus de- 
composed; but the operation is facilitated by mixing 
them with charcoal, which decomposes the carbonic 
acid altogether. 

3. The alkaline carbonates tinge vegetable blues 
green, and have -an alkaline taste* 

4* The alkaline carbonates are soluble in water ; the 
carbonates -with bases of the alkaline earths are insolu- 
ble, but dissolve when an excess of acid is added* 

Many of these salts exist native^ but they may be 
all formed artificially by dissolving or 'diffusing the base 
In water, and making carbonic acid gas pass into the, 
liquid till it be saturated* At present 1 1 species are 


# 0/&sc* L i- 
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I. Solublbl 
Carbo- 
nates. 


Sp. I. Carbonate of Potash . 


This salt has been long known to chemists ; and be- 
fore its composition was ascertained by Black, it was 
' characterized by a great variety of names, according to 

the manner of preparing it ; such as fixed nitre , salt of 
tartar , vegetable alkali y &c. Its properties were first 
described with precision by Bergman in 1774*. There 
are two varieties of it 5 the first neutral, the second con- 
taining an excess of alkali. 

Variety 1 . Carbonate . This salt is formed by satu- 
rating potash with carbonic acid, which is best done by 
exposing a solution of potash for a considerable time to 
darbonic acid gas, or by causing the gas to pass through 
a solution of potash till it refuses to absorb any more. 
The potash of commerce is a compound of this salt and 
pure potash : By distilling it with solid carbonate of 
ammonia, it may be also converted into carbonate of 
potash f. When potash is saturated with carbonic acid, 
it always lets fall a quantity of silica. Mr Pelletier 
has proposed this saturation as the best method of puri- 
fying potash from the earth. 

Properties. cr y s tallizes, according to Bergman, in quadrangu- 

lar prisms ; the apexes of which are composed of two 
inverted triangles, converging like the roof of a house J. 
According to Pelletier they are tetrahedral rhomboidal 


* Oftuc. u 13. f Berthollet. f Bergman, i. 13. 
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prisms, with dihedral summits. The complete crystal Chap. HI, 
has eight faces, two hexagons, two rectangles, and four 
rhombs *. It has an alkaline, but not a caustic taste, 
and still gives a green colour to vegetable blues. Its 
specific gravity is 2*012+. It is soluble at the com- 
mon temperature in about four times its weight of wa- 
ter J. Boiling water dissolves |-ths of its weight §. Al- 
cohol, even when hot, does not dissolve above 
part of it. Pelletier has observed, that when the crys- 
tallized salt is dissolved in iboiling water, bubbles of 
carbonic acid gas are emitted. It is not altered by ex- 
posure to the air. Heat deprives it of its water and 
part of its acid, but does not decompose it completely. 

The constituents of this salt, according to the most 
accurate analyses hitherto made, are as follows : 



11 

IF 

** 

++ 

Acid 

20 

26-5 

43 

43 

Base 

48 

73-5 

40 

41 

Water 

32 


17 

16 

Total 

100 

100 

100 

\ 100 


The coincidence between the experiments of Kirwan 
and Pelletier is very great, and induces us to confide 


* Atm. de Chim. xv. 29. f Hassenfratz, Ann. de Chim. xxviii. I*. 

| Bergman, i. 13. § Pelletier. || Bergman, Opusc. i. 14. 

Richter, Statique Chitnique t i. 136. 

Kirwan, Nicholson’s Quarto Jour. iii. 215, 

Pelletier, Ann. de dim. xv. 33. 

Vol. 11. 


Tt 
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Variety 2* Sulcarbonate . The potash of commerce- 
always occurs in this state ; but its purity is destroyed 
by the mixture of foreign substances. Pure subcarbo- 
nate of potash may be procured by heating neutral car- 
bonate, prepared by the process above described, to red- 
ness, in a silver or platinum vessel. A portion of the 
carbonic acid is driven off. The subcarbonate thus 
formed has a stronger alkaline taste, and acts with more 
energy on animal and vegetable substances than the 
carbonate. When exposed to the air it soon deliquesces, 
and assumes the consistency of an oil. It does not ab- 
sorb carbonic acid sensibly from the atmosphere ; the 
excess of alkali cannot be removed by treating the salt 
with alcohol. Dr Wollaston has shown that this salt 
contains exactly one half of the acid which exists in 
carbonate of potash 

The potash of commerce is always in the state of z 
subsalt ; but it contains likewise several foreign sub- 
stances which render the proportion of alkali variable. 
Mr Kirwan has pointed out a very ingenious method of 
detecting the quantity of alkali in any specimen, by the 
property which it has of precipitating alumina from 
alum ; and Vauquelin has published a still simpler me- 
thod, namely, the quantity of nitric acid of a given 
density necessary to saturate a given weight of the salt. 
From his experiments, we learn that the following kinds 
of this salt known in commerce contain the following 
ingredients f. 


Composi- 
tion of pot- 
ash of com- 
merce 


* Wollaston, On superacid and subacid Suits t Thil. Tran's, xgb£. 
f Ann, de Cbm, xj. 273. 



arbonates. 



Potash. 

Sulphate of 
potash; 

Muriate of 
potash. 

Insoluble re- 
sidue. 

Carbonic acid 
and water 

73 

S . 

Potash of Russia 

772 






America 

857 

154 

20 

2 

119 

1152 

American Pearl-ash 

754 

80 

4 

6 

308 

1152 

Potash of Treves 

720 


44 

24 

199 

m 

1) an t z i c 

603 

152 

14 

79 

301 

1152 

• — -Vosges 

| 444 

148 

510 

34 

2 04 

1440 


Sp . 2. Carbonate of Soda . 

This salt has been also very long known. It is usual- 
ly obtained by burning and lixiviating marine plants, 
or by decomposing common salt. In commerce it is 
called barilla or soda . In that state, however, ii is 
never perfectly pure, containing always a mixture of 
earthy bodies, and usually common salt ; but at may be 
purified by dissolving it in a small portion of water, 
filtrating the solution, and evaporating it at a low heat, 
skimming off the crystals of common salt as they form 
on its surface Of this, like the preceding, there are 
two varieties ; the first neutral, the second containing 
an excess of alkali. 


* See a detail of the different plants from which this substance is pro- 
cured, and of the method of procuring chem, in the AanaUt dt Gbimit^ 
vol. xlix, 0 , 67 , 
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Variety i. Carbonate . Though this salt occurs na- 
tive in Africa in considerable quantities, it was not dis- 
tinguished from the soda of commerce, which is a sub- 
carbonate, possessing very different, properties, till, in 
1802, Klaproth published an account of it in the third 
volume of his works It is found in the province of 
Sukenanear Fezzan, and is called trona by the natives. 
It is crystallized in hard striated masses, not altered by 
exposure to the air, and of such hardness that the walls 
of Cassr, a fort now in ruins, are said to have been 
built of it. 

This carbonate may be formed artificially by expo- 
sing the common subcarbonate of soda to an atmosphere 
of carbonic ac^'d gas. In that situation it does not depo- 
site crystals like subcarbonate of potash, but forms a so- 
lid shapeless mass, having some resemblance to the A- 
frican carbonate. 

When the carbonate of soda is exposed to a red heat, 
it loses its water of crystallization, and likewise a por- 
tion of its acid* Its constituents, as determined by the 
experiments of Klaproth, are as follows : 

Acid. ..... 39 

Base 38 

Water 23 


100 

Variety 2. Subcarbonate . What is usually called the 
carbonate of soda is merely this salt. It crystallizes in 
decahedrons, composed of two four-sided pyramids ap- 
plied base to base, and having their apexes truncated +. 


* Bet ir age, in. 83. 


f Bergman, i. 19. 
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It is often obtained also in large transparent flat thorn- t Chap. iil 
boidal prisms. Its taste is precisely the same with that of 
the carbonate of potash® Its specific gravity is 1*3591*. 

It is soluble in two parts of cold water, and in rather 
less than its weight of boiling water. So that when 
dissolved in boiling water it crystallizes as the solution 
cools. When exposed to the air, it very soon efflo- 
resces and falls to powder. When heated, it under- 
goes the watery fusion ; indeed the soda of commerce 
sometimes contains so much water of crystallization, 
that, when once melted, it remains permanently liquid. 

If the heat be continued, the water gradually evaporates, 
and the salt becomes dry. In a red heat it melts into 
•a transparent liquid. A very violent heat drives oiF 
a part of its acid. This salt melts rather more easily 
than carbonate of potash, and for that reason it is pre- 
ferred by glass manufacturers. 

Its constituents, according to the analyses of it hither- 
to made, are as follows : 



t 

t 

§ 

$ 

Acid 



mm 

BH| 

Base 

20 

22 

21*58 

' 

59*86 

Water 

64 

62 

64 


Total 

100 

100 

.100 

100 


* Hassenfratz, Ann. de dim. xxviii ia. 

j- Bergman, Opusc.i. 18 ; and Fourcroy, Systems de Connoissancct, iv.56. 
Engl. Trans. 

% -Klaproth, iii. 65. Engl. Trans. 

S Kirwan, Nicholson’s Jour. iii. 215. 
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Bat either these analyses or that of the carbonate are 
inaccurate, or the salts examined were impure. For 
Dr Wollaston has shown, that when a pure carbonate 
of soda is exposed to a red heat it is converted into a 
subcarbonate, and loses exactly one half of its acid ** 


Prepara- 

tion. 


Properties. 


Sfi. 3. Carbonate of Ammonia* 

This salt has been also long known. It is often ob- 
tained by distilling animal substances ; but for chemi- 
cal purposes it is best to extract it from sal ammoniac 
by means of chalk. Two parts of chalk and one part 
of sal ammoniac, both as dry as possible, are mixed to- 
gether and put into an earthen retort. On the applica- 
tion of a sufficient heat, carbonate of ammonia sublimes, 
and is obtained in the state of a \yhite crystallized 
mass. This salt, like the other alkaline carbonates, is of 
two kinds, the neutral and subcarbonate . 

Variety 1 . Carbonate . This salt may be obtained by 
exposing the common subcarbonate of ammonia to the 
air, or by causing a current of carbonic acid gas to pass 
through a solution of it in water. It crystallizes in six- 
sided prisms, usually small, has no smell, and less taste 
than the subcarbonate. According to the experiments 
of Schrader, it is composed of about 
56 acid 
19 base 
25 water 


loot. 

Variety 2. Subcarbonate . This salt may also be ob- 


* Flit. Trans. iSoS. 


i Oehlen's Jour, ji 
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tained in crystals, but they are so small and so irregular, Chap, in. 
that it is difficult to ascertain their form. According to 
Bergman, they may be obtained in octahedrons, having, 
for the most part, their two opposite apexes truncated 
The taste and smell of this salt, though much weaker, 
are the same with those of pure ammonia. Like all the 
alkaline carbonates, it converts vegetable blues to green, 
precisely as pure alkalies do. Its specific gravity is 
GT966 f. It is soluble in rather less than twice its weight 
of cold w'ater. Hot water dissolves its own weight of it. 

Boiling water cannot be employed, because at that heat 
the carbonate is volatilized. It is not altered by expo- 
sure to the air. When heated it evaporates very spee- 
dily. 

Mr Davy has shown that the component parts of this Composi- 
salt vary exceedingly, according to the manner of pre- 
paring it. The lower the temperature at which it is 
formed the greater is the proportion of acid and water . 
which it contains ; and, on the other hand, the higher 
the temperature the greater is the proportion of alkali. 

Thus carbonate of ammonia, formed at the temperature 
of 300 °, contained more than 50 per cent, of alkali, 
while carbonate formed at 60 °, contained only 20 per 
cent . t. Its constituents of course must be variously 
stated by chemists, according to the state in which they 
found it. The following table exhibits some gE these 
results. 


* Bergman, i. %i. f Hassenfrata, Ann. de Cbm. xxySu. 1 %, 

f Davy's Researches , p. 75. 
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t 

§ 

ll 

ir 

Acid 

45 

4S to 50 

50 to 52 

68*5 

Base 

43 



31*5 

W ater 

12 




Total 

100 



100 


8p. 4. Carbonate of Ammonia- and- Magnesia* 
This salt has been formed by Fourcroy by mixing 
together aqueous solutions of its two component parts $ 
but it properties have not been examined© 


IT. Insolu- 
ble Car- 
bonates. 


Prepara- 

tion. 


^*5. Carbonate of Magnesia * 

This salt has been long known. Its composition 
was first discovered by Dr Black ; afterwards its pro- 
perties were investigated by Bergman and Butini, and 
more lately by Fourcroy There are two varieties of 
it : the first neutral ; the second containing an ex- 
cess of base. 

Variety 1. Sub carbonate. This salt is usually pre- 
pared by mixing together the solutions of sulphate of 
magnesia and carbonate of potash, and applying heat. 
The carbonate of magnesia precipitates in the state of a 
white powder. Such is the state in which it occurs In 


t Bergman, i. 21, 

§ Schrader, Gehlen’s Jour. ii. 583. When in a solid mass. 
|1 Ditto. When crystallized. 

U Kirwan, Nicholson’s Quarto Jour. iii. %i $ . 

* Ann.de Cbim. ii. 27$. 
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•commerce ; but Fourcroy has shown that in that state Chap. Ill; 
it does not contain a maximum of acid. It is therefore 
only a subcarbonate ; but it may be saturated with acid 
by diffusing it in water, and making carbonic acid gas 
pass through it till it be saturated and dissolved. 

Variety 2» Carbonate . The carbonate, thus formed, 
yields by evaporation crystals which are transparent 
hexagonal prisms, terminated by a hexagonal plane : 
these are partly in groups and partly solitary : their 
length is about six lines, their breadth two *. But it 
may be obtained in more regular crystals, by mixing 
together 125 parts of sulphate of magnesia and 136 
parts of carbonate of soda, both dissolved in water, fil- 
tering the solution, and then setting it aside. In two or 
three days the carbonate of magnesia crystallizes. 

This salt has little taste. Its specific gravity, when Properties, 
in powder, is only 0*2941 according to Hassenfratz f. 

It is soluble, when crystallized, in 48 parts of cold wa- 
ter ; hut when in powder, it requires at least ten times 
as much ; and what is very remarkable, it is more so- 
luble in cold than in hot water impregnated with car- 
bonic acid When exposed to the air, it effloresces, 
and falls into powder §. When heated, it decrepitates*, 
falls into powder, and is decomposed. 

The constituents of this salt are as follows : 


* Butin i, sur le J\Iagncsie. 
}' Butini, 


f Ann.iieChirn. xxviii. I %. 

§ Fourcroy, Atm. de Cbim . ii. 29 S, 
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s * 1 1 

t 

Acid ! 50 30 

-» 1 

„ 

36 

Base 

25 45 

1 43 

Water 

^ ! 

25, 25 

1 

21 

Total 

100 ' 100 

xoo 


But the carbonate examined by the two last chemists 
does not seem to have been fully saturated with acid. 
The magnesia of commerce, according, to Kir wan, is 

composed of. 34 acid 

45 magnesia 

- 21 water 


ioo£ 

Sj>. 6. Carbonate of lime . 

This substance, under the names of marble, chalk, 
limestone, &c. exists in great abundance in nature, 
variously mixed with other bodies. It is perhaps the 
most important and most generally used of all the salts, 
unless we except muriate of soda. Its properties of 
course have been very completely investigated. 

It is often found crystallized and perfectly transparent. 
The primitive form of its crystals is the rhomboidal 
prism with angles of 1014° and 7Sf°. Its integrant 
particles have the same form. But, besides the primL 
tive, no less than 616 varietiesof its cry stal shave been dis*> 


* Fourcroy and ICirwau. 

$ Nicholson’s Jour, iii, 2 15. 


f Bergman. 


t Butinh 
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coveted and described by mineralogists. It has scarcely Chap. in. 
any taste. Its specific gravity is about 2*7. It is inso- 
luble in pure water ; but water saturated with carbonic 
acid dissolves -—^-g-th part of it; from this solution it 
gradually precipitates* as the acid leaves it* in the form 
of a white powder *. It suffers little or no alteration by 
being exposed to the air. When exposed to heat, it de- 
crepitates and loses its water* and afterwards its acid se- 
parates as the heat is increased : But to separate the acid 
completely, a pretty strong heat is required. 

Its component parts are as follows : 



t 

t 

f 

Acid 

34 

45 

50 

Base 

55 

55 

50 

Water 

11 



Total 

iOO 

100 

100 


Composi- 

tion. 


Some very interesting experiments on the fusibility of 
this salt were made by Sir James Hall. The result was, 
that when the carbonic acid is prevented from making 
its escape by strong compression, the salt melts at a 
red heat, and assumes an appearance which has some 
resemblance to granular limestone . A portion of the 
carbonic acid is usually dissipated. This portion is 


* Bergman, i. %6. f Bergman, Of use. i. 23. 

J Kirwan, Nicholson's Journal , iii. a 15. 

5 In this analysis the water is confounded with the acid. This wate 
seems in crystallized pure carbonate to amount to three or four per cent 
hut I have not been able to ascertain its proportion, because the whole 
of it separates in combination with the carbonic acid. 
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Boole \L sometimes very small, and very often it does not ex* 
Division IH. J ’ . , , . . , 

w — y— ceed 4 or 5 per cent . Bucholz has lately verified 

these experiments in a very unexpected manner. He 
put 4-J- pounds of washed chalk (carbonate of lime with 
only 0*005 of foreign matter) into a crucible, pressed 
it strongly down, and exposed it covered to a strong 
heat in a furnace. The chalk, except a small portion 
on the surface, was converted into a foliated, hard, 
yellowish mass, having considerable transparency, 
which obviously had undergone a commencement of 
fusion. It was obviously in a similar state with Sir 
James HalPs carbonate of lime, and contained 42 per 
cent . of carbonic acid*. Here the same effect was pro- 
duced without compression. It must have depended 
no doubt upon the degree of heat to which the crucible 
was exposed. 


Sp, 7. Carbonate of Barytes . 

This salt seems first to have been examined by Berg- 
man. Withering first found it native in 17 S 3 . Hence 
it has received the name of Witherite. Since that time 
it has been examined by Kirwan, Klaproth, Hope, Pel- 
* letier, Fourcroy, and Vauquelin, and its properties de- 
scribed with great precision. It maybe prepared arti- 
ficially by exposing barytes water to the open air, or 
by passing carbonic acid gas into it. In either case 
the carbonate precipitates in the state of a white pow- 
der. 

properties, It is found native crystallized. Its crystals have 
been observed to assume four different forms ; double 


* Gehlen’s Jour, ad Series, L 271. 
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Six-sided and double four-sided pyramids, six-sided co-* Chap. III. 
lumns terminated by a pyramid with the same number 
of faces, and small radiated crystals half an inch in 
length and very thin, appearing to be hexagonal prisms 
rounded towards the point. It has no sensible taste; 
yet it is poisonous. Its specific gravity, when native, 
is 4*331 ; when prepared artificially, it scarcely exceeds 
3*763. 

Cold water dissolves TT V T part, and boiling water 
Trrsr part of this salt. Water saturated with carbonic 
acid dissolves T y^- part ^[, It is not altered by exposure 
to the air. It is decomposed by the application ©f a 
very violent heat ||, either in a black lead crucible, or 
when formed into a paste with charcoal powder. 

The constituents of this salt, according to the experi- 
ments of different chemists, are as follows : 

Composi- 
tion. 



* 

t 


t 

§ 

Acid 

7 

20 

21*67 

22 

22 

Base 

65 

80 

78*33 

62 

78 

Water 

28 



16 


Total 

100 


100*00 

100 

100 


Sp . 8. Carbonate of Stro?itian . 

This salt was first pointed out as distinct from the History 
last species by Crawford in 1790 ; but we are indebted 


^ Fourcroy, Atm de dim. iv. 64. f| Dr Hope. 

* Bergman, Opusc. i. 22. f Withering. 

Aiken, Nicholson’s Jour. xxii. 303. 

$ Kirwan, Nicholson’s Quarto Jour . ill. 215. 


j: Pelletier, 
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Book IF. for the first accurate account of it to Dr Hope. Hi® 
Division IlL eX p er 2 ments were afterwards confirmed by Klaproth, 

Pelletier, Fourcroy, and Vauquelin. It has been found 
native at Strontian in Argyleshire and at Leadhills in 
Scotland,- It is usually in striated Semitransparent 
masses, which have a greenish tinge. 

Properties ^ na taste * ^ re ^ u i re s 1536 parts of boiling 
water to dissolve it *. Its specific gravity is about 3 *66« 
It is not altered by exposure to the air. When strong- 
ly heated in a crucible^ it loses part of its acid ; and 
this decomposition is facilitated by making it into a 
paste with charcoal powder* According to Saussure, 
it melts into a transparent glass at the temperature of 
226° Wedgewood f. When thrown in powder on 
burning coals, it produces red sparks; 

Its component parts are as follows : 


Composi- 

tion* 



X 

§ 

II 

Acid 

30*2 

30 

30-0 

Base 

61*2 

62 

69*5 

Water 

8*6 

8 

0*5 

Total 

100-0 

1 100 

100*0 


$p. 9. Carlonate of Alumina » 

The greater number of chemists have agreed in ad- 
mitting the existence of this salt. Bergman could not 


* Hope, Trarti. Ed in. iv. 5. f Jour, de Phys. xlv. 24. 

t Hope, Trans. Edin. iv. 8 . § Pelletier, Ann. de Cbim. XXL X35. 

[J Klaproth, Btitragc , i. 270. and Kimanj'NicholsonYJW. iii. 213. 
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form it artificially; but he allows its existence, because Chap. Hi. 
when alum is mixed with an alkaline carbonate, pan of 
the alumina remains in solution till the carbonic acid 
be driven off*. Saussure has shown lately, that water 
saturated with carbonic acid, is capable of dissolving 
alumina ; but this combination is destroyed by simple 
exposure to the air. Carbonate of alumina, then, can- 
not exist in a dry state. What had been considered for- 
merly as a dry carbonate is a triple compoundof alumi- 
na, carbonic acid, and the alkali employed in precipita- 
ting the alumina f. 

Sp. 10. Carbonate of Yttria. 

This salt may be formed by precipitating yttria from 
its solution in acids by means of an alkaline carbonate,. 

J*. is a white, tasteless, insoluble powder, composed of 
IS acid 
55 yttria 
21 water 

TOO % 

Sp. 11 . Carbonate of Glucina . 

This salt has been examined only by Vauquelin. It 
may be prepared by precipitating glucina from its so- 
lution in acids by an alkaline carbonate, and washing 
the precipitate sufficiently with pure water. It is in the 
state of a white soft powder, which has a greasy feeL 
It has no taste, and is exceedingly light* It is insolu- 


* Bergman, i. 32. 
i Klaproth’s Brit rage* iii 67, 


f Jour . ds Pbyt, iii. 2,8- 
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Book H. ble in water, not altered by exposure to the air, easily 
t „, ri — — j decomposed, and its acid driven off by the application of 
heat. 


Sp» 12. Carbonate of Zirconia. 

This salt was formed by Vauquelin by precipitating 
zirconia from its solution in acids by alkaline carbonates. 
It is a tasteles white powder, composed of 
44*5 acid and water 
55*5 zirconia 

100*0 

When heated the carbonic acid is driven off. This 
salt is soluble in the three alkaline carbonates, and seems 
to form with them triple salts. 


Such are the properties of the carbonates. The fol^ 
lowing Table gives a view of their constituents according 
to the most accurate analysis : 



CARfibNATESi 



Constituent i. 


Water. 

Acid. 

Base. 

Water. 

Ammonia 

50 

100 

33-9 

44*0 

Magnesia 

2 

100 

50 

50 

Potash..** 

25 

100 

95-3 

37 

Soda 

50 

100 

97*4 

59 

Lime...**. 

; 0 

100 

122 


Strontian 

0 

100 

231 


Yttria.... 

0 

100 

305*5 

i5o 

Barytes... 

0 

100 

354*5 





cw m. 

<■■■-. — a 

Table of 


the const** 
fctfents of 
the carbo* 
natee* 


All the carbonates are insoluble in alcohol ; but thfc 
alkaline subcatboitates are partially soluble in that li- 
quid* 

Hfc t7*f * 

Carjso- 

MATAI<< 

From the peculiar mature of the acid which exists in 
these salts* the alkaline carbonates were long confounded 
with their bases* The alkaline character of these bapea 
is by no means destroyed by the presence of the acid, and 
it is easily removed either by means of heat* or by the 
action of some other base* Hence the alkaline carbo 
nates are applied to all the uses for which the pure ah*, 
kalies are adapted* These are too numerous and wtfll 
known to require a particular detail. The Use df car* 
bonate of little as a manure, a paint* and a medicine, 
tinder the names df lime, whiting* crab’s eyes* &c* & 

'PhL ti \ rr 
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Book n. equally well known. None of the other carbonates 
v * have come into use, except the subcarbonate or magne- 

sia, which is occasionally employed as a medicine. 

Genus VII. Sulphates. 

Sulphuric acid is capable of combining with all 
the alkalies and earths except silica. The sulphates are 
almost all capable of assuming a crystallized form. 
_ Their taste, when they have any, is almost always bitter. 
They may 4>e distinguished from other saline bodies by 
the following properties. 

Characters. 1. They are insoluble in alcohol. When they are 
dissolved, in water, alcohol precipitates them from that 
liquid, and it precipitates them crystallized. 

2. Heat does not readily decompose them. But to 
this there are numerous exceptions. Most of the earthy 
sulphates are decomposed by a red heat either partially 
or totally ; part of the acid escapes unaltered, and part* 

f ./ as has been shown by the experiments of Gay-Lussac % 

is decomposed into sulphurous acid and oxygen gas. 
In the alkaline supersulphates the excess of acid is se- 
parated in the same way, partly unaltered, partly in 
r the state of sulphurous acid and oxygen gas. 

3. When heated to redness along with charcoal, they 
t are converted into sulphurets. . 

4. When barytic water, or a solution of any salt con- 
taining barytes, is dropt .into a solution • of any of the 

. ,, .sulphates in water, a copious white precipitate imme- 

diately falls,-, which is insoluble in acetic acid. 


* Mem* 4 ' A r wil, I, a 13. 
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. The genus of sulphates contains more species than - Chap. 113^ 
any other, owing to the great tendency which the acid 
has to form triple salts. Many of the sulphates are ca- 
pable of combining with an excess of acid, and of 
forming supersalts . 

• I. Soluble 

~ Sul- 

phates. 

Sp\ 1. Sulphate of Potash. 

Of this salt there are two varieties. The first is 
neutral, the second contains an excess of acid. 

Variety 1 . Sulphate . This salt may be formed by 
saturating diluted potash with sulphuric acid, and then 
evaporating the solution gently till crystals appear. It 
seems to have been known at a very early period by 
chemists, ap<J a great variety of names were given to it, 
according to the manner of forming it, or the fancy of 
the operator. Some of these names were, specificutn Names. 
purgans 9 nkrum fxum 9 arcanum duplicatum 9 panacea hoi- 
satica 9 sal de duohus 9 sal polychrest glaseri 9 &c. but, it 
was commonly known by the name of mtriolated tar- 
tar till the French chemists called it sulphate of potash 
when they formed their new nomenclature in 1787 *. 

When the solution of sulphate of potash is sufficiently Properties* 
diluted, it affords by evaporation hexahedral pyramids, 
or short hexangular prisms, terminated by one or more 
hexangular pyramids. But these crystals vary much in 
their figure, according to the care with which they are 
prepared. * 

It has a very disagreeable bitter taste. Its specific 


* Bergman called it alkali vegetallle mtriolatum , and Morveau vitriol 
of potash. 
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^Booklt^ gravity according to Walleritis* is 2'298 ; according to 

Hassenfratz, 2 '40 73 f ; according to Watson, 2*636 f* 

At the temperature of 60° it dissolves in 16 times its 
Weight of water ; in a boiling heat it is soluble in five 
times its weight §. When it is boiled in water, that 
liquid dissolves 0*242 parts, or nearly -£th of its weight 
of it [{. 

It suffers no alteration when exposed to the air. When 
placed upon burning coals, it decrepitates, but suffers no 
other alteration. In a red heat it melts, and loses If 
per cent . of its weight. It is sometimes luminous in thtr 
dark, as Mr Giobert has observed 

Its component parts, according to the analyses hither- 
to published, are as follows : 


Composi- 

tion, 


.. 

** 

++ 

Acid 

3<5'4 

38*5 

Base 

63*6 

61*5 

Water 



Total 

10CT0 

100 


to 


40 


52 


tt 


42*2 


50-1 


7*7 




45’2 


45*3 


54*8 54*7 


100 


Variety 2. Super sulphate- This salt may be prepared 
by heating together a mixture of three parts of sulphate 


* Chemistry) p. 265. *f Ann, de Chttn. xxvili. 12* 

t Chemical Efs-iys, v. 67. f Bergman, 1.13s 

jj Wenzei’s V cr’wandtschaft , p. 310. t Atm. de Chim . x* 40.’ 

Thenard and Roard y An n, de Chim. lit. 69: ft Richtatv 

Bergman, i. 133. 

1 1 This* is the result of my analysis; 100 Grains efi fused 1 sulphate of 
potash gave 138 of sulphate of barytes. If this- contains 33 per cent, of 
acid, it will indicate 42*2^ 

{!.!{ ICirwan, Nicholson's iiiv $15* 


tt Wenzct r p. 54* 
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is>£ potash and one part of sulphuric acid. It was first t Chapin. 
distinguished from the first variety by Rouelle senior. 

It usually crystallizes in long slender needles, but it Properties 
may be obtained in six-sided prisms. Its taste is acrid, 
and it reddens vegetable blues. It is soluble in five 
parts of water at the temperature of 6 O' 0 *. It is scarce- 
ly altered by exposure to the air. When heated it 
melts readily and assumes the appearance of oil, but it 
becomes as white as ever when allowed to cool. A 
'very violent and long continued heat dissipates the ex- 
cess of acid, and converts it into sulphate. Dr Wol- 
laston has shown, that this salt contains just twice as 
much acid as the sulphate f. 

But besides these two varieties, there are several 
others not yet particularly described. At least I have v 

found the proportion of acid to vary considerably in dif- 
ferent states of the salt. 

Sp. 2. Sulphate of Soda . 

This salt was first discovered by Glauber, a German 
chemist, and for that reason was long known by the 
name of Glaubers salt. He himself called it sal mira * 
bile. It may be prepared by saturating soda with sul- 
phuric acid $ but it is more usually obtained by de- 
composing common salt In order to procure muriatic 
acid. Like the sulphate of potash, it is capable of ex- 
isting in two states. Jn the one it is neutral, in the other 
it has an excess of acid. 

Variety 1. Sulphate . This is the state in which the 


* Link, Crell’s Annals , 1796, i. a6- 
j Oja fuperacid and subacid gales. Phil* Trans. 1 80S. 
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IBook IL salt usually occurs in commerce, being prepared m 
Division lit. . 

great quanties by the manufacturers of sal ammoniac* 
Properties. Its crystals are transparent, and when formed By slow 
evaporation, are six sided prisms, terminated by dihedral 
summits. The sides of the prisms are usually chan- 
nelled, and the crystals are almost always exceedingly 
irregular. Its specific gravity, according to Wallerius* 
is 2*246 * ; Dr Watson, by a method not susceptible of 
much precision (on account of the ready solubility of 
this salt), found it 1*3 80 +. 

Its taste at first has some resemblance to that of com- 
mon salt, but soon becomes very disagreeably bitter* 
It is soluble in 2*86 times its weight of water at the 
temperature of 60 c , and in 0*8 of boiling water When 
heated to redness, so as to drive off its water of crystal- 
lization, and then pounded in a mortar, it dissolves in 
3*3 its weight of water at the temperature of 144° 
When exposed to the air, it loses great part of its wa- 
ter, and falls into a white powder ]|, but it is not other- 
wise altered. It loses about 56 per cent . of its weight^]". 

When exposed to heat, it first undergoes the watery 
fusion**, then its water is evaporated, it is reduced to 
, a white powder, and in a red heat it melts. Mr 
Kirwan has observed, that part of the acid, as well as 
the water, is driven off by the application of a strong 
heat++. 


# Wallerius 1 Chemia Physica t 2,66. f Clerical Essays, v. 66. 

| Bergman, i. 133. $ Wenzel, p. 309. 

}| Substances which fall to powder in this manner are said to rfllonrsc?* 
% Wenzel, p. 312. 

** When substances, on the application of heat, melt by means of the 
water they contain, they are said to undergo the watery fusion. 

Irish 1 ransactions. v. 
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Its constituents, according to the most accurate ana- 
lyses hitherto made, are as follows : 



* 

t 

t 

11 

Acid 

23*52 

27 

55*7 

56 

Base 

18*48 


44*3 

44 


58-00 

< 


1 


Total ' 

100 

100 

100 

100 


These analyses differ but little from each other; that of 
Kir wan is probably the nearest precision. 

Variety. 2. Super sulphate. When the sulphate of 
soda is dissolved in sulphuric acid, if the solution be set 
aside, it deposites spontaneously large rhcmboidal crys- 
tals which contain an excess of acid. They effloresce 
in the air, and lose their excess of acid when moderate- 
ly heated. At the temperature of 66° they dissolve in 
twice their weight of water ||. * * 

Sp. 3. Sulphate of Ammonia . 

This salt was discovered by Glauber, a|id called by 
him secret sal ammoniac . It was also called vitriolated 
ammoniac . It may be prepared by saturatif g ammonia 
with sulphuric acid, or by decomposing sal ammoniac 
by means of sulphuric acid. 


* Kirwan, Nicholson’s Quarto Jour, iii* aij. 

•j* Bergman, i. 133# f Wenzel's Verivandischaft , p, 56. 

§ Kirwan, Ibid . Th»* two first analyses were made upon the crystals 
4) f the salt, the two last upon the salt supposed free from wat » 

|J Link, Crell’s Annals , 1796. i. 27. 
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^mSonTil * ts cr T^ s zre generally sm all six-sided prisms, Whose 

— v— —> planes are unequal, terminated by six-sided pyramids. 
StejWlp* It has a sharp bitter taste. It is soluble in twice its 
own weight of water at the temperature of 60°, and in 
its own weight of boiling water. Water of the temper 
tature of 144° dissolves 0*78 of its weight of this salt*. 
When exposed to the air, it slowly attracts moisture, 
When heated, it first decrepitates, then melts, and in 
close vessels sublimes, but with some loss of its alka^ 
Jif. In that state it might be called supersulphate of 
ammonia, as it contains an excess of acid, has an acid 
taste, and reddens vegetable blues. When heated near*. 
I y to redness, the greatest part of it is decomposed, 
some sulphurous acid comes over and some aipmonia, 
a great quantity of azotic gas is disengaged, and in alJ. 
probability water is formed J, 

Its epjistitpents have been determined as follows ; 


jSfimfOitfc 

Wfh 


k 



f 

ll 

IF ' 

Acid 

54*60 

58*75 

59*8 

Base 

14*24 

41-^5 

40*2 

Water 

| 31*10 



: Total * 

100 

lpo 

100 


0 W^nzci t p. 309. f Kirwan’g Min. ii f ir, 

1 Hatchett, Bkil. Trans, lxxxvi. 314. 
f'Kirwan, Nicholson’s Quarto four. Hi. a if. 
j$ Wenzel’s V ervaandtsekafty p. 58# 

Statique Cbtmiquiyi, 
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. These analyses differ very much from each other in t Cha p, iil 
the proportion of ammonia. The statement of Kirwan 
appears to be the most correct. 

Sp* 4. Sulphate of Magnesia. 

This salt is held in solution in the springs at Epsom 
in England, and was procured from them by evaporation 
more than a century ago. Hence the term Epsom salt % 
by which it was long distinguished. Some account of 
it was given by Grew in 1675 ; and in 1723, Mr Brown 
published a description of the process employed in ex- 
tracting it from the spring?, and in purifying it *. In 
Italy it is manufactured from shistose minerals, con- 
taining sulphur and magnesia. By roasting these mi- 
nerals, and then moistening them and exposing them to 
the air, the salt effloresces on their surface. By solu- 
tion in water, with the addition of a little lime to preci- 
pitate any metallic substance that may be in solution, 
and repeated crystallizations, the salt is obtained in a 
state of purity f. 

It exists in considerable quantity in sea-water ; and 
the uncrystallized residuum in the salt pans, after all 
the common salt has crystallized, consists partly of this 
salt dissolved in water. This residuum is usually cal- 
led bittern , and sometimes in Scotland spirit of salt . 

Sulphate of magnesia crystallizes in quadrangular p f0 p ert j e8j 
prisms, whose planes are equal, surmounted by qua- 
drangular pyramids, or by dihedral summits. The 
primitive form of its crystals is, according to Hauy, a 
four-sided prism, whose bases are squares. The form of 


* Phil. Tram, xxxil 348. 

f Ann* da dim. xlriii. $0. Scf aUe Gthkn*s Jour* iii. J49. 


669 - 


^SALTS. 


Took H. its integrapt particles is a three-sided prism, whose ba* 
pivisionTII . ses are rec tangular isosceles triangles §§. The crystals 
are doubly refrange'nt. 

It has an intensely bitter taste. Its specific gravity 
is 1*66 *. At the temperature of 60° it is soluble in. 
its own weight of water, and in less than two-thirds of 
its weight of boiling water f . The volume of water Is 
increased -^ths by adding the salt When exposed 
to the air it effloresces, and is reduced to powder. When 
exposed to heat it undergoes the watery fusion ; and by 
increasing the temperature its water is evaporated, bnt 
it cannot be decomposed by means of heat. Before the 
blow- pipe it melts with difficulty into an opaque vitre- 
ous globule %%. 

The following Table exhibits the result of the experi- 
ments of different chemists to determine the proportions 
■of the constituents of this salt. . 


Composi- 

tion, 



f 

II 

IT 


ft 

$ 

Acid 

29*35 

30-64 

32 

33 

61-9 

63-32 

Base 

17 

16*86 

19 

19 

; 

38*1 

36*68 

. 

Water 

53*65 

52-50 

49 

48 



Total 

100 

100 

100 

1 100 

i 100 

100 


§§ Trait e it Mineralogies ii, 322. 

* Hassenfratz, Ann. de Cbim. xxviiz. 12. f Bergman, Op use, l 135, 
| Ibid. p. 377. # Ibid. 

§ Kirwan, Nicholson’s Quarto Joi.r. iii. 2*5. f| Wenzel, p. 62. 

^ Mojon, Ann. de Cbim. xlviii. 8l. ## Bergman, i. f 3 <r. ' 

ff Richter, Stetigue Chemiqnefl . - 13 6*. - 
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These analyses do not differ much fronat each other ; 
probably a mean of the whole would come pretty near 
the accurate result* 


Chap. in. 


Sp. 5. Sulphate of Potash-a?id~ Ammo?iia. 

Tnrs salt, which was first described by Link, may 
be formed by saturating the super sulphate of potash 
with ammonia. The crystals are brilliant plates, ha- 
ving a bitter taste, and not altered by exposure to the air# 
They are composed of 

60 sulphate of potash 
40 sulphate of ammonia 


. 100 * 

Sp. 6. Sulphate of Potash- and- Magnesia. 

This salt, as well as the last, was first described by 
Link. He formed it by saturating supersulphate of 
potash with magnesia. Berthollet formed the same salt 
by mixing together equal solutions of sulphate of pot- 
ash and muriate of magnesia, and evaporating the mix- 
ture. Crystals of sulphate of potash, with a little mu- 
riate of magnesia, are first obtained, and then the tri pile 
salt in rhomboidab crystals, which are not altered by ex- 
posure to the air. Their solubility is nearly the same 
as that of sulphate of potash f. 

The taste of this salt is bitter. It is composed of 

3 parts sulphate of potash 

4 parts sulphate of magnesia 


n 


* Link, Crell’s Annals , 1796. i. 29. 
| Link, Greffs Annals, 1796, i. 30, 
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y vision III. $£. T. Sulphate of Soda-and- Ammonia. 

This salt was first described by Link, who formed it 
by saturating supersulphate of soda with ammonia. Se- 
guin formed it by mixing together the solutions of sul- 
phate of soda and sulphate of ammonia, and evapora- 
ting the mixture. The triple salt is obtained in crystals; 
These crystals are regular, and are not altered by expo- 
sure to the air. Their taste is pungent and bitter.- 
When heated they decrepitate and swell, ammonia is 
first disengaged, and supersulphate of ammonia and suU 
phate of soda remain. Soda decomposes it by drivipg 
off the ammonia *. 

According to Link it is composed of 

5 parts sulphate of soda 

9 parts sulphate of ammonia 

14 f 

^ Sp. 8> Sulphate of Soda-and- Magnesia. 

Link obtained this salt by saturating supersulphate 
soda with magnesia, and evaporating the solution. 
The crystals are prismatic, large, have a bitter taste, and 
effloresce in the air. It is composed of 

5 parts sulphate of soda 

6 parts sulphate of magnesia 

lit 

* Jour. Jo Min . An. id, p. 8o. f Crell** Annah, 1796, ,i. 3^ 

i Link, Ibid. 



SULPHATES* 


t56> 


Sp. Q. Sulphate of Magnesia- and- Ammonia. 

This salt was pointed out by Bergman; but Four- 
croy was the first chemist who examined its properties §. 
It may be prepared by mixing together saturated solu- 
tions of sulphate of ammonia and of magnesia. Cry-r 
sfals almost immediately precipitate, which consist of 
the two salts combined together. Or it may be prepa- 
red by pouring ammonia into a solution of sulphate of 
magnesia. Part only of the magnesia is precipitated. 
This is to be removed by filtration ; and on evaporating 
the solution, the compound salt is obtained in crystals. 

This salt crystallizes in octahedrons. Its taste is a- 
erid and bitter. Its specific gravity is ]*696 * f It is 
less soluble in water than either of its component parts. 
When heated it undergoes the watery fusion ; and if 
the heat be increased, it is decomposed. It is not al- 
tered by exposure to the air. 

It is composed, according to the analysis of Four- 
croy, of 

€ 8 sulphate of magnesia 
32 sulphate of ammonia 


Chap. m. 


Composi- 
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Sp . 10. Sulphate of Aluminct. 

This salt may be formed by dissolving alumina in 
sulphuric acid, evaporating the solution to dryness, dis- 
solving it again in water, and evaporating it till it cry- 
stallizes. Little attention has hitherto been paid to this 
salt, which was never properly distinguished from alum 


'i 


* 


J Ann. dc Chtm . iv. £X. 


* Hassenfratz, Ibid xxvUL x»X. 
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till two memoirs, one by Vauquelin and another by 
Cbaptal, on the nature of alum, made their appearance 
in the 22d Volume of the Annales de Chimie . 

It crystallizes in thin plates, soft and pliant, and of a 
pearly lustre. Its taste is astringent. It is very soluble 
in water, and does not crystallize without difficulty* 
When heated it loses its water of crystallization, and 
falls to powder. A strong heat decomposes it com- 
pletely by volatilizing the acid® It is not altered by 
exposure to the air. 

' Sp. IX . Alum . 

Varieties. ? Of this salt there are no less than'four varieties, all 
of which are triple salts ; two neutral, and two in the 
state of supersalts. These varieties may be distinguish- 
ed by the following names : „ 

1. Sulphate of alumina-and-potash. 

2. Sulphate of alumina-and-ammonia* 

3. Supersulphate of aJumina-and-potash . 

4. Supersulphate of alumina-and-ammonia. 

The two last of these varieties are usually confound- 
ed together under the name of alum ; the two first have 
been called alum saturated with its earths , and some- 
times aluminated alum . It will be proper to consider 
the two last varieties first, because they have been 
longest known, and are the most Important- 

Variety 1. The super sulphates. The a-rvmptcc of the 
■Greeks, and the alunieiP of the Romans, was a native 
• • 'Substance, which appears to have been nearly related 
to green vitriol or sulphate of iron ; and which conse- 
quently was very different from what we at present 
denominate alum. From the researches of Professor 
Beckman,* it appears that we owe the discovery of alum 


Book IT. 
Division HI. 


Properties. 



SULPHATES. 


671 

to the Asiatics ; but at what period, or by what meat? % tfhap. u. 
the discovery was made, is altogether unknown. It L 
continued to be imported from the east till the 15th 
century, when a number of alum works were establish- 
ed in Italy. In the 16th century it was manufactured 
in Germany and Spain ; and during Queen Elizabeth’s 
reign an alum work was established in England by 
Thomas Chalomer. The alum of commerce is usually 
obtained from native mixtures of pyrites and clay, or 
sulphuric acid and clay. 

Bergman has published a very complete dissertation 
on the process usually followed *. The earth from A 

which it is procured is usually called aluminous scbistus 9 
because it is slaty. Its colour is blackish, because it 
contains some bitumen. In most cases it is necessary 
'to burn it before it can be employed ; this is done by 
means of a slow smothered fire. Sometimes long expo- 
sure to the weather is sufficient to produce an efflores- 
cence of alum on the surface. It is then lixiviated, and 
the water concentrated by evaporation, and mixed with 
putrid urine, or muriate of potash; crystals of alum 
and of sulphate of iron usually form together. 

The composition of alum has been but lately under- 
stood with accuracy. It has been long known, indeed, 
that one of its ingredients is sulphuric acidf ; and the 
experiments of Pott and Margraf proved incontestibly 
that alumina is another ingredient. But sulphuric acid 
-and alumina are incapable of forming alum. Manufac- 


# Opusc. L 279. 

f Some chem sts have thought proper to call the sulphuric acid, ob- 
tained by distilling alum, of alum. • \ 


Book XL turers knew that the addition of a quantity of potash 
j or or ammonia, or ot some substance containing these 
alkalies, is almost always necessary ; and it was proved* 
that in every case in which such additions are unneces- 
sary, the earth from which the alum is obtained contains 
already a quantity of potash. Various conjectures were 
made about the part which potash acts in this case ; but 
Vauquelin*and Chaptal + appear to have been the first 
chemists that ascertained by decisive experiments that 
alum is a triple salt, composed of sulphuric acid, alumi- 
na, and potash or ammonia, united together. 

Properties. Alum crystallizes in regular octahedrons, consisting 
of two four-sided pyramids applied base to base. The 
sides are equilateral triangles. The form of its inte- 
grant particles, according to Hauy, is the regular tetra- 
hedron. Its taste is sweetish and very astringent. It 
always reddens vegetable blues. Its specific gravity is 
1*7109 %. At the temperature of 00 ° it is soluble in 
from 15 to 20 parts of water, and in ^ths of its weight 
of boiling water. When exposed to the air it efflo- 
resces slightly. When exposed to a gentle heat it un- 
dergoes the watery fusion. A strong heat causes it to 
swell and e foam, and to lose about 44 per cent , of its 
weight, consisting chiefly of water Of crystallization $ „ 
What remains is called calcined or burnt alum , and is 
sometimes used as a corrosive. By a violent heat, the 
greater part of the acid may be driven off. In that case, 
as was first observed by Gay-Lussac, a portion of the 


* Ann. de Chun. xxii. f Ibid. a8o. 

t Haasenfratx, Ann. de Cbim. xxviii. ia. Wallerius found it 1*7 r 9 
f Chemistry, p. a66) ; and Dr Watson, 1*757 {Essay*, v. 67) ; Fahrenheit, 
* 73 ®* (Wtf- Trane. liii. 114.) j Bergman, i. 1*87. 
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dfcid is decomposed into sulphurous acid and otyg&n gas; 

Though the properties of alum are in all cases pretty 
nearly the same, it has been demonstrated by Vauque- 
lin that tfirfee varieties of it occur in commerce. The 
first is super sulphate of tiliimina-tiiid potash ; the se-^ 
cond, super sulplmH of alumina- and- ammonia ; the third 
is p, mixture or combination of these two* and contains- 
both potash and ammonia; It is the most common of 
all ; doubtless* because the alum makers Use both urine 
and muriate of potash to crystallize their alum; Vau- 
quelitq Thenard*and Roard have lately analysed a num- 
her of specimens of alum manufactured in different 
countries. The result w#s that they all contain ve rf 
jrearly the same proportion of ingredients. The mean 
of all their trials was as follows : 


l * 

_l 

■ ^ 

Acid 

30-52 

26-04 

Alumina 

10*50 

12*53 

Potash 

10-40 

10*02 

Water 

48-5S' 

51*41 

Total 

100*00 

ido-oo 


From die late analyses and experiments of Tfiefraf$ 


* VauOuelih, Attn, de dim. ], 167. Small quantities of amfnabii a bd 
occurred in several. 

f Thenanl and Roard, Ann. de Ch>m. li^. 7a. The acid was estimated 
hy naeanspjf sulphate of barytei, which they considered as containing only 
/>c f cent of sulphuric acid ; whereas it contains 3^ per cent . ; of c<:Ur*s? 
the proportion cf that acid in the table is too small. 

V*U 11, Xx '* 
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and Roard, it appears that alum usually contains a little 
sulphate of iron. Its good qualities as a mordant in 
dyeing, depend upon the proportion of that salt pre- 
sent. The freer it is from it the better. The purest 
alum examined contained about -^A-^-th part of its 
weight of sulphate of iron, the im purest about -r^Vs-- 
When freed from sulphate of iron every species of 
alum tried acts exactly in the same manner as a mor- 
dant 

When an unusual quantity of potash is added to alum 
liquor, the salt loses its usual form and crystallizes in 
cubes. This constitutes a fourth variety of alum, usu- 
ally distinguished by the name of cubic alum . It con- 
tains an excess of alkali. 

When the potash is still further increased, Chaptal 
has observed that the salt loses the property of crystal- 
lizing altogether, and falls down in flakes. This con- 
stitutes a ffth variety of alum, consisting of sulphate of 
potash combined with a small proportion of alumina. 

Variety 2. The sulphates . All the varieties of alum 
are capable of combining -with an additional dose of alu- 
mina, and J forming perfectly neutral compounds ; all 
possessed of nearly the same properties, and therefore 
confounded together as one salt. 

It may be prepared by boiling a solution of alum 
with pure alumina ; the compound, as it forms, gradu- 
ally precipitates in the form of a white powder. It was 
formerly denominated alum saturated with its earth . 
This salt does not crystallize, but has always the form 
of a tasteless powder. It is insoluble in. water, and not 


* Arm, dc Chim , lix. 5?. 
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altered by exposure to the air. Heat has no effect upon cha P- 11 r - 
it unless it be vety violent ; and in that case part of the 
acid is disengaged. Sulphuric acid converts it into 
alum. It is less easily decomposed by other bodies than 
alum. Several of the acids dissolve slowly its last dose 
of alumina, and convert it into alum. This salt has not 
hitherto been applied to any use. Alum is capable 
also, as CHaptal informs us, of combining^ with several 
other bases, and of forming many triple salts, which 
have never yet been examined with attention 

If three parts of alum and one of flour or sugar he Homberg's 

pyrophorus. 

melted together in an iron ladle, and the mixture dried 
till it becomes blackish and ceases to swell ; if it be 
then pounded small, put into a glass phial, and placed 
in a sand-bath till a blue flame issues from the mouth 
of the phial, and after burning for a minute or two be 
allowed to coolf, a substance is obtained known by the 
name of Homberg’s pyrophorus, which has the property 
of catching fire whenever it is exposed to the open air, 
especially if the air be moist. 

This substance was accidentally discovered by Horn* 
berg about the beginning of the 1 8 th century, while he 
was engaged in his experiments on the human faeces. 

He had distilled a mixture of human faeces and alum till 
The could obtain nothing more from it by means of heat ; 
and four or five clays after, while he was taking the re- 
siduum out of the retort, lie was surprised to see it take 
fire spontaneously. Soon after, Lemery the Young- 
er discovered that honey, sugar, flour, or almost any 


* Ann . as Chhn. xxii. 293. 

f Care must be taken not to keep it too long exposed to the heat, 
■v ~ « 
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Book TT. animal or vegetable matter, could be substituted 5 for 

. human faeces ; and afterwards Mr Lejoy de Suvigny 

showed that several other salts containing sulphuric 
acid maybe substituted for alum*. Scheele proved 
that alum deprived of potash is incapable of forming 
pyrophorus, and that sulphate of potash may be substi- 
tuted for alum f . And Mr Proust has shown that a 
number q£ neutral salts* composed of vegetable acids* 
and earths* when distilled by a strong Ere in a retort* 
leaves a residuum which takes fire spontaneously on ex- 
posure to the air* 

These facts have thrown a great deal of light on the 
nature of Bomberg r s pyrophorus, and enabled us in 
some measure to account for its spontaneous inflamma- 
tion. It has been ascertained, that part of the sulphu- 
ric acid is decomposed during the formation of the py* 
rophorus-, and of course a part o-f the alkaline base be- 
comes uncombined with acid 7 and the charcoal, which 
gives it its black colour, is evidently divided into very 
minute particles. It has been ascertained* that during 
the combustion of the pyrophorus a quantity of oxygen 
is absorbed. The inflammation is probably occasioned 
by the charcoal; the sulphuret of potash also acts an 
®$#emial part. Perhaps it produces a sudden increase 
of temperature by the absorption and solidification of 
water from the atmosphere. 


* See Maccjuer’a Dictionary* 
t Schcelc on Fire and on PympLorxs.. 
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Sp. 12. Sulphate of Ifttricu 
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This salt was first formed by Gadolin, and after- 
wards it was examined with more precision by Ecke- 
berg *, Vauquelin f, and Klaproth 

Sulphuric acid dissolves yttria readily, and some ‘ca- 
loric is evolved during the process. As the solution 
goes on, the sulphate crystallizes in small brilliant 
grains. 

These crystals are irregular, but most frequently, properties, 
according to Eckeberg, they have the form of flat six- 
sided prisms terminated by four- sided summits. These 
crystals are not altered by exposure to the air. Their 
taste is astringent and sweetish, though not so much so 
as sulphate of glucina. Their colour is a light ame- 
thyst red ; their specilic gravity 2*791. They require 
at least 30 parts of water at the temperature of 60 a to - 
■dissolve them* At a red heat they are partly decom- 
posed* 

Oxalic acid, prussiate of potash, and the infusion of 
nutgalls, occasion a precipitate in the aqueous solution 
of this salt. It is decomposed by phosphate of soda. 

Sulphate of glucina is readily distinguished from this 
salt by its being colourless, lighter, and more soluble 
in water. 


Sp- 13. Sulphate af Glucina* 

This salt was first examined by V auquelin, the dis- 
coverer of its base. 


* Crcll*s Annuls, 1799 , ii. 68 . 
i Ratragr, iii. 67 . 


f Ann . lit Cbm* XXX vi. 136 
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It is prepared by saturating sulphuric acid with gltt«r 
cina. The acid dissolves the earth readily, and the so- 
lution by evaporation yields small needle-form crystals, 
the figure of which has not been ascertained. 

It has a very sweet and somewhat astringent taste. 
It is very soluble in water ; the solution readily as- 
sumes the consistence of a syrup, but is brought with 
difficulty to crystallize. When heated it undergoes the 
watery fusion, loses its w’ater of crystallization, and falls 
to powder. At a red heat it is decomposed completely, 
the acid is driven off, and the earth remains in a state 
of purity. The infusion of nutgalls, when dropped in- 
to the solution of this salt, occasions a yellowish white 
precipitate. 

Sp. 14 . Sulphate of Zirconia . 

This salt was first formed by Klaproth, but Vauque- 
lin has described it with more precision. It is prepared 
by dissolving zirconia in sulphuric acid, and evapora- 
ting the solution to dryness. 

Properties. It is usually in the form of a white powder. It may, 
however, be obtained in small needle-form crystals. It 
has no taste, and is insoluble in water. It is not alter- 
ed by exposure to the air. It is very easily decomposed 
by heat : The acid readily flies off, and leaves the earth 
in a state of purity. This decomposition may be ac- 
complished even by boiling in water; the earth preci- 
pitates, and the acid remains in solution. Klaproth in- 
forms us, that with excess of acid sulphate of zirconia 
forms transparent stelliform crystals, soluble in water, 
p.nd having an astringent taste 
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Of this salt there are two varieties. The first con- 
tains water, and is called common sulphate : The second, 
which is destitute of water, is called anhydrous sulphate . 

Variety 1. Common sulphate . This salt was well 
known to the ancients under the name of gypsum ; but 
the composition of gypsum was not known till Mar- 
graf and Macquer analysed it, and proved it to be a 
compound of sulphuric acid and lime. The salt formed 
by the artificial union of these two bodies was, former- 
ly called selenite , probably from its whiteness. 

The properties of this salt were first examined with Properties, 
precision by Bergman. It is found abundantly in dif- 
ferent parts of the world, so that it is seldom formed 
artificially. When pure, it is frequently crystallized. 

The primitive form of its crystals is, according to Hauy, 
a right angular prism with rhomboidal bases, whose 
angles are 113° and 67°. Its integrant particles have 
the same form ; but it is more usually found crystalli- 
zed in octahedrons, in six-sided prisms, with four-sided 
summits, or lenticular. These crystals are often ex- 
ceedingly transparent. 

It has a slightly nauseous taste, scarcely perceptible, 
except by drinking a glass of water impregnated with 
it *. It is soluble in 460 parts of water at the tempera- 
ture of 60° f, and in 450 of boiling water. Mr Paul 
has observed, that if this solution be saturated by pres- 



sure with hydrogen gas, the sulphate in about six months 
is converted into asulphuret %%. The salt is not affected 
by exposure to the air* If is soluble in sulphuric acid. 

Wh.en heated, it loses its water of crystallisation, de- 
crepitates, an4 falls into a soft white powder. This 
powder, when its water has been driven off by the ap- 
plication of q. red heat, absorbs water very rapidly, and 
solidifies it ; at the same time a slight increase qf tem- 
perature takes place: so that if it be formed mtp a paste 
with water, it dries in a few minutes. In this state it 
is called piaster of P^ris i and is much employed for 
forming casts, See. in consequence of this property. 

Sulphate of lime, when exposed to a violent heat, 
melts \ before the blow-pipe it gives an opaque vitre- 
pus globule. The temperature necessary to produce 
this effect is, according to Saussure, 5l Q of Wedge- 
wood §§. 

Thje following Table exhibits the result of the differ- 
ent experiments hitherto made to ascertain thp propor- 
tion qf the constituents of this salt. 




+ 

1 

1 ' 

t * 

« 

** 

IT . 

ft 

Acid 

43 

43 

46 

55*75 

1 

56-58; 57 

57-57 

59 

59*84 

Ba$e 

33 

57 

32 

44-25 

43-42 

43 

42-43 

41 

40-l(i 

Water 

24 


22 







Total 

100 ieo 

100 

100 

100 • 

JOG' 

100 

700 

100 


XI Th'il Mag. XV. 63. Jour, dt Thys. xly. 16. 

♦ Bucho 4 , Gehjen’s Jour. v. v6%. f Chenevi*, J ?hii. Mag. xi, 1 5. 
x Bergman, i. *35. 5 Richter, Geblcn’s Jour. y. 1 34. 

3 y my own analysis. ** Klaproth, Ibid. »i. 359. 

f Kirwan, Nicholson’s Quarto Jour . ixi. %x 3. ft Wenzel 
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These imrtrbers, except the analysis of Chenevix, do Chap, UL 
not differ much from each other. The analysis of Bu- 
cholz seems most correct. It scarcely differs from the 
Result of my experiments. Anhydrous 

Variety 2. Anhydrous Sulphate. This .variety is Sul P hat ^ 
found native in different parts of the earth ; Sweden, 

Tyrol, Berne, &c. It seems to have been first pointed 
out by Hatty. A specimen of it was described with 
irtiuch precision by Fleuriau in the Journal de Phisique 
for 1 T98 ; and analysed by Vauquelin, who first ascer- 
tained its composition. It has since been described with 
U^ore precision by Bournonf, and a purer specimen of 
it analysed Vy Chenevix J, and more lately by Kla- 
proth 

It is usually crystallized. The primitive form of 
its crystals is a rectangular prism, having two of its 
faces broader than the other two. It has considerable 
lustre, and the broad faces have the appearance of pearh 
Its specific gravity is about 2'9 r )0. Its hardness is 
considerable, being not inferior to that of calcareous 
spar. It usually phosphoresces when heated. It is 
transparent, insoluble in water, and in its other proper- 
ties agrees with common sulphate. 

In the proportions of its constituent parts it coincides 
exactly with common sulphate, excepting in the absences 
of water. 


Sp r 16 . Sulphate of Barytes . 

This salt is found abundantly in different parts of 
the earth, and was formerly denomina ltd ponderous spar p 


f Jour, de Min. An. X. ii. 345. 
j Gehlen’s Jour, ii. 355. 


% Ibid. P* 418. 
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from its great weight. Its composition was first ascer-r 
taineci bj Gabn. 

Hauy has shown that the form of its integrant par- 
ticles is a right-angled prism, whose bases are rhombs 
with angles of 101^° and 7S~°. The primitive form 
of its crystals is the same ; but it occurs native in a va- 
riety of other forms. It cannot be crystallized by art. 
This salt is insoluble in water, or at least only soluble 
in 43000 times its weight of water at the temperature 
of the atmosphere Sulphuric acid dissolves it when 
concentrated and boiling, but it is precipitated by the 
addition of water f. 

When suddenly heated, it breaks in pieces and flies 
about w r ith a crackling noise. This phenomenon, which 
is called decrepitation , is occasioned by the sudden con- 
version of the water which it contains into steam. 
When heated very violently it melts, and before the 
blow-pipe is converted into a white opaque globule. 
According to Saussure, a heat equal to 35 L> Wedgewood 
is required to fuse it f . When formed into a thin cake 
with flour and water, and heated to redness, it phospho- 
resces in the dark. This was first observed in a variety 
of this substance known by the name of Bologna stone. 
Lemery informs us, that the property was discovered 
by an Italian shoemaker named Vincenzo Casciarolo. 


* Kir wan’s Min. i. 136. 

f T: us it iornrs a kind of .supersulphate, capable of crystallizing, a® 
Withering first observed. Mr Hume has also mentioned it in Phil. Mag, 
X'W j.57. The fact was well known to chemists. This solution, how- 
ever, is but very imperfectly entitled to the name of 'supersulphate of 
batytes ; as it parts with its excess of acid at a moderate heat, which by 
ifio means is the case with supcrsulphate of potash. 

% JtifVn de Phys, xlv. 15. 
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This man- found a Bologna stone at the foot of Mount t Chap , nr. 
Paterno, and its brightness and gravity made him sup- 
pose that it contained silver. Having exposed it to the 
fire, doubtless in order to extract from it the precious 
metal, he observed that it was luminous in the dark. 

Struck with the discovery, he repeated the experiment, 
and it constantly succeeded with him. It is evident that 
by the calcination it must be converted, at least partly, 
into sulphuret. 

The following Table exhibits the result of the differ- 
ent experiments hitherto made to ascertain the compo- 
sition of this salt. 



t 

t 

§ 

II 

IT 

1 

tt 

Acid 

24 

25*18 

31 

32 

33 

33*96 

34 

Base 

76 

74* S 2 

69 

68 

67 

66*04 

6 d 

Total 

100 

100 

100 

100 

100 

O 

O 

100 


Compost* 

tion. 


These results differ very considerably from each other. 
The analysis of Kirwan seems most correct. It is of 
great importance to have an exact analysis of this salt, 
as it is by means of it that the proportion of sulphuric 
acid in different compounds is determined. 


| Chenevix, Nicholson’s Jour. ii. 196. 

I Thenard, Ann. de Chlrn. xxxii. 266. § Bucholz, Eeitragt, ill. 31. 

|| Vauquelin, Ann. de Chun. 1. 168. 

U Kirwan and Klaproth, Gehlen* v. 515. 

*'*’ Aiken, Nicholson’s Jour, xxii. 304. ff Fourcroy, iii. 25- 
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Sp. 17. Sulphate of Strbntiun . 

This salt, for the discovery of which we are in debt* 
ed to Dr Hope and Mr Klaproth, may be composed ar- 
tificially by dropping sulphuric acid into strontian wa- 
ter ; in which case it has the form of a white powder* 
But it exists abundantly in different parts of the world, 
usually crystallized in rhomboidal prisms. 

This salt is tasteless. It is soluble in 384-0 parts of 
boiling water. Sulphuric acid dissolves it readily when 
assisted by heat, but it is precipitated by the addition 
of water to the solution *. In the greater number of 
its properties it has a considerable resemblance to sul- 
phate of barytes. 

It is composed, according to the analysis of Vauque.. 
linf, of 43 acid 


54 strontian 


100 

According to Klaproth J, Clayfield §, Henry JJ, and 
Kirwanff, of... ............... 42 acid 

5S strontian 

100 

This salt is soluble in sulphuric acid, and therefore 
forms an imperfect supersulphate 


P Hope, Tran/. Edin. iv. io. 

% BeitragCy ii. 97. 

Jj Ibid. p. 137. 

** -fturoe, Phil, Mag. xiv. 3 j8. 


f four, di Min. An. vi. 6 , ' 
§ Nicholson’s Journal , iii. 39. 

ft IhidU p. 415. 
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Such are the properties of the sulphates. The fol- 
lowing Table exhibits the solubility of each salt in wai- 
ter, and the proportion of the constituents, as far as as- 
certained. They are all insoluble in alcohol : 


Sulphates of 

>»lubiiuv 
in 100 
Water. 

Constituents. j 

Acid. 

Base. 

Water. 

Ammonia 

50 

100 

26-05 

57 

Magnesia 

100 

100 

57-92 

182*8 

Lime 

0-22 

100 

76-70 

55*8 

v)da 

35 

100 

78-32 

246*0 

us i.sh 

0*2 

100 

l ;*i0 

20 

; -on-nan 

0*0 

101; 

133 


.siytes 

0*0 

100 

203 



■ ' ■ ,r ~ rrr ~' 1 ' III. Uses os* 

the Sue- 

Tije genus sulphates contains several salts of consi- rHATiC3 * 
derable importance., 

1. Sulphate of potash was formerly used in medi- 
cine ; but on account of its disagreeable taste and little 
solubility it is now laid aside. Apothecaries, indeed, 
sometimes use it to facilitate the powdering of vegetable 
cathartics. To the alum-makers it is of considerable 
importance, as it enters into the composition of alum, 
which cannot be obtained crystallized without potash 
or ammonia. 



SSQ 


SALTS. 


Book H. 2. Sulphate of soda is one of the most common of 

ly » * all the coolbig purgatives, as they have been termed 5 

immense quantities being annually manufactured and 
consumed. 

3. Sulphate of ammonia is sometimes employed in 
chemical analyses. Thus it was used with advantage 
by Hatchett in examining the molybdate of lead. 

4. As great quantities of the sulphate of magnesia 
are prepared for commercial purposes, the salt is pro- 
bably in common use on the continent as a purgative. 
Its intensely bitter taste has brought it into disuse in 
this country. What is sold by apothecaries under the 
name of Epsom salt is often nothing else than sulphate 

* of soda in small irregular crystals. 

5. Sulphate of lime is much used as a cement, under 
the name of plaster of Paris . It is employed also for 
moulds, and for casting into statues, &c. It is first 
heated, in order to deprive it of its water. In this state 
it forms with water a liquid paste, which in a few mi- 
nutes becomes solid in consequence of the combination 
of the water with the sulphate. It constitutes the chief 
ingredient of stucco , and is in many places used as a 
manure. 

6. The sulphates of barytes and strontian are not 
applied to any useful purpose directly 5 but they fur- 
nish almost all the barytes and strontian which the 
chemists employ. 

7. But the most important of all the sulphates is 
undoubtedly alum, which is applied by manufacturers 
to too many uses for a complete enumeration. To the 
dyer and calico printer this salt is indispensible ; as 
alumina, its earthy base, forms one of the best of all the 
mordants , or substances which have the property of fix* 
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ing colouring matters in cloth. It is used by the tan- Chap. in. 
ners in the preparation of leather., Indeed, some kinds ' 
of leather may be considered as nothing else than skins 
altered by being steeped in a solution of alum in water. 

It is often very useful in clarifying liquors, from the 
property which alumina has of forming an insoluble 
precipitate with many vegetable substances. Surgeons 
sometimes take advantage of the properties of this salt, 
and use it as an astringent or styptic ; but it would be 
too tedious to enumerate the purposes to which this salt 
is applied by paper-makers, goldsmiths, candle-makers, 
bookbinders, &c. 
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